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I. — On  Genera  and  Species  op  Spiral-Bearinq  Braohiopoda^ 
FROM  Specimens  Developed  by  the  Bev.  Nohman  Glass  :  with 
Notes  on  the  Results  obtained  bt  Mr.  Georqe  Maw  from 
CxTBNsivE  Washings  of  the  Wenlook  and  Ludlow  Shales 
OP  Shropshire. 

By  Thoicas  Datid80n,  F.R.S.,  F.G.8.,  etc. 

AS  some  fifteen  months  must  unavoidably  elapse  previous  to  the 
publication  of  the  Silurian  Supplement  to  my  work  on  the 
British  Fossil  Braohiopoda,  it  has  been  considered  desirable  to  an- 
ticipate a  part  of  its  contents,  relating  to  the  recent  discoveries  of 
the  Rev.  Norman  Glass,  of  Manchester,  as  to  the  spirals  and  their 
oonnecting  processes  and  attachments  in  the  Brachiopoda  of  the 
Upper  Silurian  rocks. 

The  researches  of  Mr.  Glass,  referred  to  in  this  paper,  but  more 
fully  to  be  detailed  in  the  forthcoming  Silurian  Supplement,  have 
been  long  and  arduous,  and  the  important  and  interesting  results 
attained  are  only  commensurate  with  the  skill  and  perseverance 
which  he  has  so  abundantly  shown.  I  feel  greatly  indebted  to  him 
for  his  prolonged  and  valuable  assistance.  The  first  difficulty 
besetting  Mr.  Glass  in  his  operations  was  the  finding  of  suitable 
specimens — hundreds  of  examples  of  a  particular  species  being 
sometimes  needed  to  produce  the  desired  result.  This  difficulty  has 
been  overcome  through  the  willing  services  of  George  Maw,  Esq., 
F.L.S.,  F.G.S.,  of  Benthall  Hall,  Shropshire,  and  my  cordial  thanks 
are  due  to  him  for  the  most  generous  manner  in  which  he  has  had 
so  many  tons  weight  of  the  Wenlock  Shale  washed,  and  the  old 
quarries  of  Benthall  Edge  carefully  hand-picked,  for  specimens. 
Indeed,  without  the  thousands  of  specimens  thus  procured,  many  of 
Mr.  Glass's  discoveries  might  never  have  seen  the  light.  Other 
valuable  results  of  the  intelligent  and  indefatigable  help  which 
has  been  rendered  to  me  by  Mr.  Maw  will  be  shown  in  the 
stratigraphical  sections  and  lists  at  the  close  of  this  paper.  It 
should  be  added  also  that  in  sorting  the  sj^ecimens  needed  for  the 
preparation  of  the  stratigraphical  lists  and  in  many  important 
suggestions,  I  have  been  greatly  aided  by  the  Rev.  H.  G.  Day,  of 
Brighton,  and  I  desire  gratefully  to  acknowledge  his  devoted  assist- 
ance, rendered  all  the  more  trying  and  difficult  from  the  minuteness 
of  many  of  the  shells. 

It  may  be  well  to  mention  here  that  Professor  James  Hall  and 
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Mr.  Whitefield'Ka-yd  also  been  engaged  in  developing  the  spirals  and 

their  connectiblas  in  the  PalsBOzoic  Brachiopoda,  but  only  in  American 

specimens^ 'ao^ 'principally  in  siliceous  shells,  or  in  shells  possessing 

a  hard  li^e^fone  matrix.     Mr.  Glass's  operations,  however,  have 

been  coflfinfed  almost  entirely  to  English  specimens,  and,  as  it  will 

pres'ently  appear,  to  those  English  specimens  only  which  were  partly 

or.yvholiy  filled  with  spar.     Having  myself  most  carefully  studied 

Sti^^mvrn  Mr.  Glass's  prepared  specimens  I  am  able  to  assert  that 

•*ihey  do  not  admit  of  doubt  or  misconception,  and  that  they  com- 

..  '"ilfetely  obviate  the  necessity  of  restoration — a  process  which  must 

\y  always  be  associated  with  some  degree  of  uncertainty. 

In  my  Carboniferous  Supplement  published  by  the  Palroon to- 
graphical  Society  at  the  commencement  of  1880,  I  gave  a  brief 
account  of  Mr.  Glass's  discovery,  accompanied  by  figures  and  de- 
scriptions of  the  spirals  of  no  less  than  thirteen  species  of  Carbon- 
iferous Spirifera  and  Athyris — all  of  them  having  been  worked  out 
by  the  new  process.  Since  the  preparations  for  the  publication  of 
the  above  supplement  were  completed  Mr.  Glass  has  been  engaged 
in  investigating  not  only  the  spirals,  but  also  their  connections 
in  the  shells  of  the  Upper  Silurian  formation,  and  also  in  the  Car- 
boniferous shells  of  the  genus  Athyris,  Mr.  Glass  had  informed  me 
previously  that  his  process  was  'unsuitable  for  developing  the  con- 
necting lamellsd  of  the  spirals.  He  has  proved,  however,  by  more 
recent  researches,  and  even  beyond  his  own  expectations,  that  it  is 
eminently  adapted  for  that  purpose. 

The  new  process  discovered  by  Mr.  Glass  simply  applies  to  those 
shells  which  are  partly  or  wholly  filled  with  spar.  In  all  the  pre- 
parations that  were  figured  in  the  Carboniferous  Supplement  the 
spirals  were  shown  in  their  sparry  matrix  opaquely,  but  this  method 
would  have  been  very  difficult  in  developing  the  spirals  in  the  small 
Silurian  Brachiopods,  and  would  have  been  entirely  useless  in 
revealing  their  connecting  lamellae.  Mr.  Glass,  indeed,  except  in 
one  or  two  instances,  was  unable  to  show  the  connections  of  the 
spirals  opaquely  even  in  the  larger  specimens.  However,  that 
which  could  not  be  shown  opaquely  has  been  successfully  developed 
by  means  of  transparency.  When  the  shells  have  been  found 
wholly  filled  with  spar,  both  valves  have  been  removed,  and  the 
sparry  matrix  scraped  away  on  either  side  until  the  spirals  were 
clearly  to  be  seen  by  holding  the  specimen  up  against  the  light  In 
order  to  show  the  connections  of  the  spirals,  not  only  the  matrix 
surrounding  the  spirals,  but  also  parts  of  the  spirals  themselves, 
have  had  to  be  scraped  away  in  various  directions.  As  I  remarked 
in  my  Carboniferous  Supplement,  previously  to  the  discovery  of 
Mr.  Glass's  process  our  knowledge  of  the  spirals  of  the  Palaeozoic 
Brachiopoda  depended  upon  the  rare  chance  of  finding  empty  shells 
in  which  these  appendages  were  naturally  preserved,  or  upon  the 
equally  rare  chance  of  finding  specimens  in  which  the  shell  and 
spirals  were  silicified  so  that  the  latter  might  be  developed  by  the 
use  of  diluted  acid.  In  addition  to  these  means  of  obtaining  know- 
ledge in  relation  to  the  spirals,  there  was  only  the  difficult  and 
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generallj  unsatisfactory  method  of  making  sections  of  the  hard 
limestope  matrix  by  which  the  shells  were  usually  filled.  Now, 
however,  and  by  Mr.  Glass's  process,  there  is  nothing  in  relation  to 
the  spirals  or  their  connecting  lamellse  in  the  Carboniferous  and 
Silurian  Brachiopoda  that  may  not  with  time  and  patience  be  dis- 
covered. Mr.  Glass  has  ascertained  that  many  shells  partly  or 
wholly  filled  with  spar  are  met  with  belonging  to  nearly  every 
species,  and  whilst  it  is  true  that  in  a  large  proportion  of  these  the 
spirals  are  either  absent,  fragmentary,  or  broken  from  the  hingo- 
plate  and  displaced^  yet  specimens  having  all  the  required  conditions 
do  occasionally  occur,  and  there  is  nothing  to  prevent  a  complete  and 
satisfactory  investigation. 

As  I  have  already  said,  there  can  be  no  mistake  as  to  the  certainty 
of  the  results  attainable  under  this  process.  When  the  spii-als  are 
met  with  in  the  sparry  matrix  of  the  shell  either  in  a  fragmentary 
condition,  or  broken  from  the  hinge-plate  and  displaced,  there  may 
be,  and  there  frequently  are,  very  confusing  and  doubtful  appearances, 
but  as  soon  as  the  spirals  are  found  in  a  perfect  condition,  all  that 
was  before  confusing  and  doubtful  becomes  clear  and  certain.  This 
more  especially  applies  to  mature  shells,  for  in  younger  specimens, 
even  when  otherwise  perfect,  it  is  sometimes  difficult  to  get  a  clear 
conception  of  the  spirals,  arising  from  their  not  having  assumed 
their  normal  shape  and  position  in  the  shell.  In  the  case  just 
supposed,  where  under  the  new  process  clear  and  certain  results 
have  been  obtained,  the  whole  of  the  spirals  either  on  the  dcrrsal  or 
ventral  side,  or  the  whole  of  the  connecting  process  in  its  relations 
to  the  spirals,  is  seen,  either  opaquely  or  transparently  in  situ  and 
at  once,  and  not  a  bit  at  a  time,  as  is  the  case  where  the  spirals,  etc., 
are  endeavoured  to  be  ascertained  by  the  cutting  of  sections.  This 
Mr.  Glass  thinks  is  a  great  disadvantage  in  the  use  of  sections  as 
compared  with  his  process — a  disadvantage  greatly  increased,  as  it 
seems  to  him,  when  the  sections  are  not  made  through  a  sparry 
matrix  which  shows  the  lines  of  the  spirals,  etc.,  in  relief,  but 
through  a  hai*d  earthy  limestone,  in  which  the  lines  are  difficult  to 
trace  through  their  similarity  of  colour  to  the  matrix.  For  the 
details  of  Mr.  Glass's  new  process,  in  which  hydrochloric  acid  is 
an  indispensable  agent,  readers  are  referred  to  my  Carboniferous 
Supplement,  and  also  to  the  forthcoming  Silurian  Supplement,  which 
will  contain  a  more  full  account  prepared  by  Mr.  Glass  at  m}'  request. 

In  186G,  when  preparing  my  Silurian  Monograph,  I  found  it  quite 
impossible  to  procure  specimens  of  the  spiral-bearing  species  of  the 
British  Silurian  Brachiopoda  showing  more  than  a  very  incomplete 
indication  of  their  internal  processes,  nor  was  it  possible  for  me  to 
develope  them  on  account  of  the  hard  matrix  which  filled  the  shell. 
Since  then,  thanks  to  Mr.  Glass's  great  skill,  I  can  now  furnish  figures 
showing  the  complete  spirals,  the  attachment  to  the  hin«!;e-plate,  and 
in  most  cases  the  connecting  processes  of  Spirifera  lAicateMa,  Sp. 
erispa,  Cj/rtia  exporrecta,  Merintella  tumidny  M.  dichjma^  Nucleospira 
pisnm,  Retzia  Salierif  Airijpa  reticularis,  A,  marginalisy  A.  Barran(h\ 
Glassia  obovata  and  G»  elongata,  all  worked  out  in  their  completed 
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shape  by  Mr.  Glass,  and  showing  what  can  be  achieved  by  his  new 
process.  All  these  perfect  interiors  will  be  fully  desorihpd  and 
illustnited  in  ray  Silurian  Supplement. 

In  these  investigation  s  it  has  been  clearly  shown  that  the  tpiral- 
bearing  Braohiopoda  can  be  grouped  according  to  the  way  in  which 
the  spirals  are  connect«d. 

1.  SriBiFKBiD«.  Spirifera,  Spiri/erina,  Cgrlia,  Cyrliua, 

2.  Atbyrtd^,  Athyris,  Meri»Ulla.  Meritta,  etc. 

3.  NucLEoapmiDs,  Nucleotpira,  Beizia,  Trematotpira. 

4.  Atrvpids,  Atrypa,  Ceelospira,  Zygotpira,  Olasua. 

I  will  now  endeavour  briefly  to  show  the  different  characters  pre- 
sented in  these  groups  from  preparations  developed  by  Mr.  G-lass, 
and  principally  from  British  Silurian  specimens.  These  results  are 
of  the  highest  importance,  for  no  good  classifioation  can  be  founded 
on  external  characters  only,  and  the  interior  arrangements  are  by  far 
the  surest  guides. 

Spibifebids,  King,  1850. 
The  spirals  of  Splri/era,  Spiri/erina,  Cgrtia  and  (hfrt'iia,  are  all 
now  well  known.     Mr.  Gloss  worked  out  tliose  belonging  to  Spiri- 
fera plieatella,  Sp.  erispn  and  Cyrtia  exporreeta,  in  a  very  beautiful 
e  not  yet,  however,  acquainted  with  the  shape  of  the 
'd  all  probability  connected  the  two  principal  stems 
of  the  spirals)  in  any  of  the  Spiriferidse  except 
Spiri/erina,  but  I  hope  that  Mr.  Glass  before  long 
will  be  able  to  make  this  matter  clear. 

In  ISSl,  I  fully  deaoribed  and  illustrated  the 
spiral  appendages  of  Spiri/erina,  their  simple  mode 
of  attachment  to  the  hinge-plate,  as  well  as  tha 
position  and  shape  of  the  semicircular  lamella  a, 
which  connected  the  two  spiral  coils.  I  also 
showed  that  short  spines  projected  from  the  spiral 
lamellte  on  those  parte  that  faced  the  front  and 
lateral  portions  of  the  shell.  This  last-named 
oi'uiu.  feature  has  been  well  shown  by  Mr.  Glass  to 
a  Athyrii  planosulcata  and  Airypa  marginalia. 

Aththidx,  Phillips,  1841. 
This  division  of   spiral -bearing  Brachiopoda   comprises   several 
genera  such  as  Alkyrit,  Meritta,  and  Merialella. 

Genus  AxntBis,  McCoy  =  Spirigera,  D'Orb. 
The  internul  characters  of  this  important  genus  are  now  well 
known.  The  finding  by  Mr.  Howse  of  a  perfect  empty  interior  of 
the  dorsal  valve  of  A.  peclini/era  enabled  me  to  describe  and  illus- 
trate, in  a  very  complete  maimer,  the  shnpe  of  the  spiral  appendages, 
their  mode  of  attachment  to  the  hinge-plate,  as  well  as  the  compli- 
cated system  of  lamellpe  by  which  the  two  first  stems  of  the 
spirals  were  connected.      Again,  in  pi.  svii.  of   my  Carboniferous 


lamella  (which  i 
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Himograph  I  figured  the  complete  spiral   appendages  in  Athyrig 
aMgna,  Sow.      My   fignres   had    bwti  completed   from   aoTeral 


Alhgrit  plamnulcatit,  de»elo|»ed  Ijjr  the  Eb».  N.  Glass. 

specimens  in  the  Museum  of  Practical  Geology.  Prof,  Hall,  in  vol. 
iv.  p.  289,  of  liis  PaJieontology  of  New  York,  in  1867,  described  nod 
illustrated  tbe  spiral  appendages  of  Alhjris  viliata,  their  mode  of 
attachment  to  the  hinge-plato  and  the  system  of  lamellre  connecting 
their  two  first  coils.  lu  the  main  his  description  and  figure  wonld 
agree  with  mine,  hut  not  qnite  so  in  details.  In  order  that  no  mis- 
conceptions shonld  exist  upon  the  matter,  the  Rev.  N.  Glass,  at  my 
request,  developed  the  spiral  appendages  and  their  connections  in  a 
number  of  specimens  of  Athyria  planoeulcata  and  A.  ambigiia,  which 
bad  been  liberally  presented  to  him  by  Mr.  John  Tym,  of  Castloton. 
As  will  be  seen  from  the  figures  here  appended,  drawn  from  Mr. 
Glass's  worked  specimens,  his  results  would  confirm  the  correctness 
of  nay  previous  illustrations. 

In  Alhijrit  planoittlcalaiir.  Glass  found  that  the  first  attachment 
of  each  spiral  takes  place  at  the  hiuge-plate  a.  From  thence  the 
two  principal  stems  proceed  for  a  short  distance  downwurds,  h. 
when  they  suddenly  behd  Itackwards  forming  a  broad  rounded  ciirvo 
facing  the  bottom  of  the  dorsal  valve  b,  d,  e.  At  a  little  less  than 
half  their  length  at  d,  each  principal  stem  widens  and  gives  off  a 
lamella  d,  h,  which  project*  into  the  middle  of  the  space  interven- 
ing between  the  two  spiral  coils,  and  here  the  lamellra  are  connected 
ti^ther  and  become  enpanded  and  roof-shaped.  From  the  upper 
portion  of  the  expanded  and  roof-shaped  projection  7i,  a  curved 
lamella/  extends  upwards  and  bifurcating  nt  its  extremity  gives  oiT 
on  either  side  a  lamella  g,  which  after  forming  a  broad  cutve,  a.v\iV 
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closely  following  the  outer  side  of  the  first  coil,  ends  near  the  place 
where  the  principal  stem  gives  o£f  its  connecting  process  q.  Indeed, 
]\Ir.  Glass  found  in  many  specimens  that  this  half  coil  lay  much 
closer  to  the  first  than  to  the  second  coil  of  each  spiral. 

Now,  as  Mr.  Glass  has  worked  out  very  many  specimens  of 
AihyriB  planostdcataf  and  as  they  invariably  show  the  same  reaalts 
and  in  the  clearest  possible  manner,  there  can  be  no  doubt  as  to 
our  possession  of  every  detail  in  connection  with  the  spiral  arrange- 
ments in  the  genus  Athyris,  especially  as  these  preparations  of  Mr. 
Glass  are  fully  corroborated  by  the  specimens  of  Athyris  ambigua 
which  he  also  developed  in  a  similar  manner. 

Genus  Mebistslla,  Hall,  1859. 

Tlie  working  out  of  the  spiral  processes  and  their  attachments  in 
Meristella  tumida  does  the  Rev.  Norman  Glass  the  greatest  possible 
credit  Not  only  has  Mr.  Glass  been  able  to  develop  the  spirals,  but 
to  take  them  entirely  out  of  the  shell,  so  that  they  can  be  examined 
in  every  direction.  He  has  also  completely  excavated  the  inner  side 
of  one  of  the  spiral  cones,  so  that  when  held  up  between  the  eye  and 
the  light  the  various  convolutions  can  be  seen  as  a  transparency.  He 
likewise  has  been  able  to  work  out  the  attachment  of  the  principal 
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Meristella  Utmida^  after  Mr.  Glass's  preparations. 

coils  to  the  hinge-plate  and  their  complicated  system  of  connecting 
l.imelLtj.  All  these  admirably  prepared  specimens  will  be  fully 
illustrated  in  my  forthcoming  Supplement.  As  will  be  observed 
from  the  two  diagrams  here  given,  and  drawn  from  Mr.  Glass's 
specimens  of  Meristella  tumidaj  the  principal  characters  of  the 
Atlnjridee  are  maintained.  The  attachment  to  the  hinge-plate  at  a, 
the  short  prolongation  of  the  lamella  a,  h,  its  bending  backwai*ds 
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abniptly  by  a  broad  curve  so  as  to  form  the  first  coil  of  the  spiral, 
the  giving  forth  at  about  half  their  leugth  of  an  inwardly  con- 
Teiging  lamella  d,  h,  by  which  both  spirals  are  connected,  the 
extension  upwards  of  a  narrow  lamella  h,  f,  g,  and  its  bifurcation  at 
g,  remind  us  of  Athyris,  although  differing  in  minor  details,  but  at 
the  point  g  the  bifurcating  process  is  short  and  small  and  does  not, 
as  in  AthyriSf  give  rise  to  a  curved  supplementary  lamella.  Now,  as 
Mr.  Glass  has  worked  out  a  large  number  of  Athyris  planosukata 
and  of  Meristdla  tumida,  and  as  they  have  one  and  all  constantly 
shown  the  same  characters,  we  are  justified  in  supposing  they  are 
persistent  in  each  species  of  the  same  genus. 

Prior,  however,  to  Mr.  Glass's  researches,  in  vol.  iv.  of-  the 
PalsBontology  of  New  York,  p.  298,  Prof.  J.  Hall  described  and 
illustrated  the  spiral  appendages,  their  attachment  to  the  hinge-plate, 
and  their  connecting  system  of  lamellaB,  in  Meristella  arcuata  (Hall) 
— a  species  so  near  in  shape  to  our  English  Meristella  tumida  as  to 
make  one  question  whether  it  is  not  specifically  the  same.  In  Prof. 
Hall's  figures  the  short  forked  process  {g  in  our  figures  of  31.  tumida) 
extends  and  forms  a  complete  circle,  the  branches  uniting  again 
at  the  point  where  they  originated.  Feeling  some  misgivings 
as  to  the  correctness  of  Prof.  Hall's  illustration,  in  this  particular,  I 
wrote  to  Mr.  Whitefield,  who  drew  the  figures,  for  some  further  ex- 
planations, and  in  his  answer,  dated  the  6th  of  October,  1878,  he 
says,  "  With  regard  to  Meristella  I  can  assure  you  there  is  no  error 
in  the  figures  published.  Yesterday  I  took  several  of  the  specimens 
of  Meristella  nasutat  M,  Icevis  and  M.  arcuata^  and  examined  them ; 
they  all  show  the  same  features  as  given  in  the  diagram  in  the  text 
of  vol.  iv.  Palaeontology  of  New  York.  .  .  .  They  are  not  sections, 
bat  silicified  specimens  treated  with  acid,  and  the  spire  and  loops  are 
entirely  revealed  to  the  light.  All  the  specimens  described  by  Prof. 
Hall  are  now  in  the  American  Museum  of  Natural  History."  I 
have  never  seen  the  American  specimens  of  Meristella^  but  I  can 
assert  that  those  worked  out  by  Mr.  Glass  leave  no  room  for  mis- 
conception, and  as  they  have  all  been  most  liberally  presented  to  me 
by  him,  as  well  as  all  the  other  worked  specimens  of  other  species, 
they  ctm  be  inspected  by  any  one  taking  an  interest  in  the  subject. 
By  comparing  the  diagrams  given  of  Meristella  and  Athyris^  the 
differences  they  present  can  be  recognized  better  than  they  can  be 
described  by  words. 

NuCLEOSPIRIDiE. 

In  this  group  would  be  included  Nucleospiray  Hall,  Betziay  King, 
and  Ehynchospira,  Hall.  In  the  twelfth  annual  report  of  the 
Kegents  of  the  University  of  the  State  of  New  York,  p.  24,  1859, 
Prof.  James  Hall  gives  a  complete  and  illustrated  description  of  his 
genus  Nucleospira,  exemplified  by  Nucleospira  ventricosa.  Hall. 

At  my  request  the  Rev.  Norman  Glass  has  worked  out  in  the 
fullest  manner  the  characters  of  the  spirals  in  Nucleospira  pisuniy 
their  attachment  to  the  hinge-plate,  and  the  process  connecting  the 
spiral  coils.     His  researches  and  prepared  specimens  agree  in  all 
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important  pniticulan  with  those  obtained  by  Prof.  Hall  in  IH. 
veutricoia.  Nueleotpira  piittm  is  one  of  the  moat  abundant  Bpeoies 
in  the  Wenlook  limestone  and  its  underlj'ing  sbaies. 

Each  epiral  is  found  to  consist,  as  I  had  praviousl;  stated,  of  not 
more  than  six  or  seven  convolntions,  and  the  extremities  of  the  aptrak 
are  directed  towards  the  lateral  portions  of  the  shell.  ITie  two 
principal  stems  of  the  spiral  coils  are  attached  to  the  htnge-plate. 
Fin  B.  and  after  extending  a  little  way  into 

the  interior  of  the  shell  between  the 
spirals,  are  suddenly  bent  backwards 
towards  the  hinge,  and  after  forming 
acurve  convei^e,  to  about  two-thirda 
of  their  length,  giving  forth  at  that 
place     abort   converging     laraelln, 
which    unite   in   a    sharp   angular 
point,  the  extremity  being  directed 
towards   the  middle  of  the   hinge- 
plaf«.     Eaoh   of   the  two  primary 
3-«rf™;»™'^™  weaMe^rface    '^«"»  diverge  again  as  they  pro- 
ofing the  bottom  of  the  dorsal    «««  towards  the  front,  and  by    a 
TaKe,    from   prepuatioiu  hf    Uie    gentle  onrve  form  the  first  spiral  coil. 
Rer.  N.  Glusi.  ITiis  arrangmeut  ia  similar  to  that 

described  by  Prof.  Hall  in  his  genus  Meritlina  (20ih  Annual  Beport 
of  Regents  of  the  University  of  the  State  of  New  York,  reviaed 
edition,  p.  186,  1868).  In  some  specimens  Mr.  Qlasa  has  fonnd 
the  V-Ghaped  lamellie  of  which  the  inner  branches  are  attached  to 
the  hinge-plate  extending  downwards  so  as  nearly  to  meet  tte 
angular  end  of  the  connecting  process,  aa  is  the  case  also  ia  N. 
tentrieota.  In  no  instance,  however  (and  a  large  number  of  speci- 
mens have  been  operated  upon),  has  Mr.  Glass  discovered  any  bifur* 
eating  process  as  in  MeriiteUa  and  Jlhyrii. 

Genus  Rktzia,  King,  18G0, 
Kotbing  further  relating  to  the  type  of  the  genus  Behia,  viz. 
y,Q  y  Be/tin  Adrieni,  De  Vemeuil  sp.,  is 

known  beyond  the  fact  that  the 
sliell  was  provided  with  spiral  ap- 
pendages. 

Prof,  Hall  devotes  seven  pages  of 

the  Sixteenth  Report  of  the  Regents 

7/.<1ll\llA///nrK\    "^   ^^^    University     of    the    State 

1/  [fl    1  I  I  I  rV  I  /f  iff)  1  ^^  ^^"^  'Ym]ii,   1863,  to  the  genus 

I  Betzia  and  tii   his   genus    Tremalo- 

tpira.    Ifeliiny  Salteri  and  R.  Jtoii- 

cliardi  hdve  been  referred  by  Prof. 

King,  myself  and   other  palteonto- 

logists  to  the  gi'nus  Refiia,  nnd  this 

is   whore    I  ohoultl  leave  tliem,  nt 

f,  ilcvHnprd  by  ihc  lUv.    «"y  rate  until  tlje  internal  apj^n- 

a.  Uluid.  duges  of  I{.  Adiieai  shall  have  been 
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more  fully  deteimined.  Xathiag  further  than  that  Reteia  Salleri  waa 
provided  with  spiral  appeudagea  bad  been  discovered  before  Hr. 
Glass,  at  my  request,  worked  out  their  mode  of  attachment  to  the 
hinge-plate  and  their  connecting  laroelln.  After  many  experiments 
Mr.  Olaas  was  able  to  show  in  the  clearest  possible  manner  that 
the  spirals  were  attached  to  the  hinKe-plate  and  connected  with 
each  other  in  a  similar  manner  to  Undeotpira  pigam.  The  only 
diflference  seems  to  lie  in  the  spirals  themselves,  namely,  that  in  N. 
pittiM  they  are  formed  of  five  or  sir  convolutions  only,  while  about 
tan  can  be  counted  in  each  spiral  in  Bettia  Salleri, 
Family  Atbtpids,  Dall,  1877. 

Oenns  Atbtpa,  Dalman,  1828,  type  A.  KmcuLARis,  Linne. 
The  interior  characters  of  this  genus  have  been  completely   de- 
scribed by  Mr.  K.  P.  Whitefield 
Fio.  S.  and  Prof.  J.   Hall.     Its  spiral 

appendages,  first  attached  to  tbe 
hinge-plate,  are  placed  side  by 
side,  with  their  eztremitiea 
facing  the  middle  of  the  bottom 
of  the  dorsal  valvo,  as  may  be 
seen  in  tbe  accompanying  Figure. 
Mr.  Glass  baa  also  developed 
the  complete  interiors  of  Alrypa 
reUevlaris  fi-oni  Enj^Hsh  speci- 
mens, and  his  worked  specimens 
will  be  fully  described  and 
illustrated  in  my  Silurian  Sup- 
plement. The  priiiciijal  slems 
of  the  spiral  coils  at  a  short 
distance  from  their  attachment 
to  tlie  hinge-plate  are  connected 
by  a  narrow  hand,  the  branches 
Alrypa  ntimlarii,  from  an  Ainrrican  from  either  side  converging 
Bpwimen  leiit  to  me  by  rrol.  J.  Hall.  downwards  into  a  V-shape,  and 
each  branch  being  slightly 
turned  up  at  its  extremity.  This  band  seems  continuous  in  many 
specimens  that  have  been  opernleil  npon,  but,  as  stateil  by  Mr.  W. 
Gurley.  in  some  individuals  this  loop  or  band  would  appear  to  be 
disunited,  tbe  inner  ends  opposing  each  other  without  being  actually 
connected.  I  must  also  observe  that  the  admirably  prepared 
specimens  by  Mr.  Glass  show  that  the  spiral  appendages  in  the 
Dudley  specimens  of  A.  reticularis  commence  by  forming  very  large 
coils,  but  that  these  soon  become  much  smaller  in  diameter,  form- 
ing two  comparatively  narrow  cones,  and  that  the  extremities  of  these 
cones  are  closer  tbgether  in  some  specimens  than  in  others,  and  that 
sometimes  one  spiral  cone  seems  a  little  longer  than  the  other,  one 
cone,  for  example,  showing  only  fourteen  convolutions,  whilst  its 
companion  cone  has  as  many  as  sixteen. 
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Atbyfa  HABaiN&Lis,  Ualmat). 
We  are  indebted  to  Mr.  Glaas  for  the  knowledge  we  now  poasess 
with  reBpeot  to  the  spiral  appendages  and 
connecting    pro(«BS    in   thia   remarkable 
BpecieB.     The  dorsal  valve  does  not  pre- 
sent  the  saine  degi-ee   of  convexity   or 
depth  observable  in  that  of  Atrypa  rttien- 
\  larii,  so  that  the  spirals  are  smaller,  with 
I  lesser  degiee  of  convexity.     They  do 
/  not  show  more   than    five  convolutions, 
these  being  also  more  widely  separated 
one  from  the  other  than  is  the  case  with 
Linneeus's  species.    The  principal  steniB, 
as   clearly    seen    in   the   two  apecimenB 
Atrtjpa  marginalii,  developed  developed     by     Mr.    Glass,     after    being 
by  Rev.  N.  Glass.  attached  to  the  hinge-plate,  are  soon  con- 

nected as  in  A.  reticutarit  by  a  V-shaped  lamella.  The  extremities 
of  the  spirals  are  close  to  each  other  and  facing  the  middle  portion 
of  the  bottj^m  of  the  dorsal  valve.  As  in  Atrypa  Barrattdi,  the  two 
principal  coils  are  not  level,  but  slightly  higher  on  their  inner  than 
on  their  outer  sides. 

Mr.  Glass  baa  also  shown  that  the  outer  edge  of  each  convolution, 
whether  facing  the  lateral  or  frontal  margins  of  the  aliell,  gives  off 
numerous  small  spiny  projections  in  tfae  same  manner  as  in  many 
examples  of  Spirifer,  Athyni,  Waldheimia,  etc 
Atrypa  Bakkandi,  Da  v.  sp. 
During  an  excursion  I  made  near  Walsall  in  18+7,  I  picked  up 
several  specimens  of  the  smaU  speciea  under  deacription.     Knowing 
nothing  of  ita  interior  charactera,  I  provisionally  described  it  as  a 
TerehTatvla,   but   aubaequently  I  thought  it  might  be    referable  to 
BeCzia,  on  account  of  Dr.  Lindstrom  having  found  that  the  shell  was 
poeseesed  of  spiral   coils.      In    1879 
Fio.  10.  Prof.   James  Hall,  at  p.  162  of  the 

Twenty-eighth  Annual  Report  of  the 
New  York  State  Museum  of  Natural 
History  of  New  York,  states  that  the 
Bh.  Barrandi  seems  to  be  very  closely 
]  related  if  not  identical  with  his  Caelo- 
apira  dispariatig  ;  and  in  the  same  year 
Mr.  Barrande,  in  the  fith  volume  of  his 
magnificent  and  monumental  work  on 
the  Silurian  Fossils  of  Bohemia,  de- 
scribes T.  Barrandi  as   a  species   of 
Alhijria,  but  in    Lis  figure  represents 
it  with  the  spiral  coils  of  an  Atrypa. 
It  ha.s  however  been  left  to  Mr.  Glass  to  entirely  investigate  and 
determine  the  interior  characters  of  this  species,  so  abundant  and 
cliaracteristic  of  the  Wenlock  Slinles  of  Shropshire.     Tlie  shell  in 
size  does  not  exceed  some  four  lines  in  length,  and  the  same  in 
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breadth,  by  tliree  m  depth,  wUb  nearly  a  flat  or  even  slightly  oonoave 
dorsal  valve.  Still,  not withatan ding  its  small  dimensioaB,  after 
endlene  trouble  Ur.  Glass  bas  succeeded  in  exposing  in  four  speoiniens, 
and  in  the  most  ootnplete  maimer  possible,  its  spirals  and  their 
connecting  process.  These  in  the  main  agree  pretty  olosely, 
although  differing  slightly  in  detail,  with  those  of  Atrypa  marginalig, 
and  Mr.  Qlass'x  specimens  show  that  soon  after  the  principal  stems 
of  the  fpirals  leave  their  attachment  to  the  hinge-plate,  they  give  off 
a  V-shaped  lamella,  by  which  they  become  conneotod,  as  in  Atri/pa. 
Fio.  U.  FiQ.  12. 


Atryfa  Barrimdi,  Dav.,  developed  bj  Bev.  H.  Glass. 
The  principal  coils  however  are  not  quite  level,  as  in  Alnjpa.  The 
two  inner  Bides  of  these  coils  being  slightly  higher  than  ihe  two 
outer  sides,  and  turned  towai-ds  tlio  margin  of  the  shell.  The  ends 
of  the  spii-es  curl  over  to  meet  each  other,  but  the  amount  of  con- 
vexity on  the  side  facing  the  bottom  of  the  doraul  valve  is  very 
slight,  Ijecauae  there  are  but  four  or  fivo  convolutions,  and  this 
slightness  of  convexity  is  necessitated  by  the  very  small  depth  of 
the  valve.  I  therefore  heheve  that  tho  spiral  arrangement  in 
A.  Barrandi  is  only  a  modification  of  that  of  Atri/pa  relicidaria  and 
A.  marginalia,  and  with  which  genus  A.  Barrandi  should  be  classed. 
Genus  Glassia,  genus  nov. 

Type  Glatiia  (Atrypa)  obovata.  Sow.,  Sil.  Syst.,  pi.  viji.  fi;,'.  9,  1839. 

Shell  marginally  circular,  transversely  or  longitudinally  oval, 
rounded  or  slightly  indented  in  fi-ont.  In  the  interior  of  the  dorsal 
valve  there  are  spiral  coils  for  the  support  of  the  labial  or  brachial 
appendages.  The  principal  lamellee  forming  the  first  coils  are  at  a 
short  distance  from  the  attachment  of  the  hinge-plate  connected 
together  by  a  riband-shaped  lamella  or  loop  (as  in  Alrijpa).  Tliis 
lamella,  commencing  on  either  side  from  the  principal  coils,  converges 
downwards  in  the  shape  of  the  letter  V  (Fig.  14),  and  its  two  ex- 
tremities are  sometimes  ehghtly  turned  upwards  before  uniting. 
The  principal  coils  directly  face  the  lateral  margins,  ^^le  ends  of  the 
spirals  meet  each  other  in  tiie  centre  of  the  shell,  and  their  close 
apposition  sometimes  serves  to  depress  and  thicken  the  end  of  the 
spirals  and  to  conceal  the  final  coil  on  either  side.  Tlie  spimls,  which 
consist  of  from  four  to  five  coils,  are  compressed,  and  their  com- 
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pressed  and  ovnl  ehape,  together  with  the  dutance  which  always 

occurs  between  the   base  of  the  spirals  and  the  lateral  margina, 

Fio.  18.  Fia.  H. 


Okuia  obovata,  Dtividgon ;  dendoped  bf  Ber.  K.  Glass. 
allows  the  neoeesary  room  for  the  first  convolutioDs.  The  dorsal 
side  of  the  spirals  is  flatteaed,  whilst  the  ventral  side  is  somewhat 
veiitricosa  The  spirals  are  closer  anteriorly,  but  brooder  on  the 
posterior  side,  and  the  principal  coils  on  the  posterior  side  of  the 
f^pimls  are  slightly  notched  or  indented,  the  notch  or  indentation 
beiii^  in  the  direction  of  the  end  of  the  spiral.  The  posterior  space 
between  the  spirals  is  not  as  wide  as  the  anterior  space. 

The  discovery  of  this  new  genus,  as  well  as  of  all  its  interior 
cbiirncters,  is  entirely  due  to  the  indefatigable  exertions  and  perse- 
■vering  research  of  the  Bev.  Norman  Glass,  who,  after  many  trials 
and  endless  trouble  and  patience,  was  enabled  gradually  to  develop 
the  spiral  coils,  their  mode  of  attachment  to  the  hinge-plate  and  their 
connecting  process  in  (he  dearest  and  most  unniistakahlt)  manner. 
I  have  therefore  much  pleasure  in  naming  this  genua  after  ita 
discoverer. 

The  shells  belonging  to  the  genus  OJama  are  small,  and  both 
Glateia  obovala  and  Glasaia  elotigata,  another  epecies  discovered  by 
IHt.  Glass,  are  common  to  the  "  Buildwas  beds  "  (Lower  Wenlock 
Shales),  but  do  not  occur  in  any  great 


Fio.  15. 


The  genus  Olasiia  nnqiieationably 
belongs  to  the    family  Atri/pidte,  al- 
though it  differs  materially  from  both 
^    Alrypa  and  Zygoapira. 

i  Of  Zygoipira,  Hall,  we  have  not 
hitherto  discovered  any  specimens  in 
our  English  Silurian  rocks.  Prof. 
Hall  slates  that  its  spires  are  nearly 
the  same  as  in  Atri/pa,  but  differing 
in  the  presence  of  a  strong  loop  or 
band  which  does  not  correspond  in 
shape,  position  or  chai-acter  with  the 
.■a(fl,  after  Hall.       loop  in  Alrypa. 


Gj;oi,, MAG, 1881. 
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In  Glassia  the  spirals  are  connected  as  in  Atrypa,  but  it  materially 
differs  from  this  genus  in  the  direction  of  its  spirals. 

For  more  ample  details  readers  are  referred  to  my  forthcoming 
Silorian  Monograph. 

(To  be  eonttMud.) 


IL— Ok  Eyidsnge  of  two  Ornithosaurians  refkrablb  to  thb 
Genus  OBSiraocHKiRus,  rR4)M  the  Upper  Grbbnsand  of  Cam- 

BBIDOE,  PRESERVED  IN  THE  CoLLEOTIOM  OF  W.  KeKD,  £sq.,  F.G.S. 

By  Professor  H.  G.  Sbbley,  F.K.S.,  F.G.S.,  etc. 

(PLATE   I.) 

THE  fragments  of  jaws  of  Ornithosaurs  from  the  Cambridge 
Greensand  show  a  greater  variety  in  size,  form,  and  proportion 
than  those  from  any  other  formation.  The  largest  species  were 
apparently  the  most  singular  in  the  shape  of  the  snout,  but  after 
five-and-twenty  years  of  collecting  we  still  seem  destined  to  know 
tiiem  only  from  fragments  which,  though  extraordinary  and  sugges- 
tivOt  are  tantalizing  from  their  imperfect  condition.  It  is  impossible 
to  tell  whether  the  head  was  short  or  long,  or  what  proportion  it 
bore  to  the  body,  in  the  case  of  these  isolated  specimens,  but  some 
of  them,  like  the  jaw-fragment  which  I  am  about  to  describe,  show 
a  power  of  tooth  and  massiveness  of  bone  which  could  only  have 
pertained  to  one  of  the  most  destructive  and  probably  one  of  the 
lai^st  of  these  animals. 

This  specimen,  the  anterior  extremity  of  a  jaw,  was  submitted  to 
me  fourteen  or  fifteen  years  ago,  by  the  courtesy  of  W.  Reed,  Esq., 
F.G.S.,  of  York,  and  I  then  made  the  note  on  Oniithocheirus  lleedii 
as  well  as  the  description  of  Ornithocheirus  xyphorhynchus,  a  jaw  of  a 
slender  and  altogether  dififerent  type,  which  were  included  in  1870 
in  my  book  on  the  Ornithosauria.  The  specimens  have  again  been 
entrusted  to  me,  for  fuller  description,  but  they  still  remain  unique 
examples  of  the  species  of  which  they  are  types.  Unfortunately, 
only  the  smallest  portion  of  the  palate  is  preserved  in  Ornitho- 
cheirus  Beedii,  as  though  the  specimen  had  lain  snout  downward 
in  the  mud,  and  all  the  bone  posterior  to  it  had  decayed.  This 
fragment  of  the  palate  is  not  more  than  a  millimetre  and  a  half 
long  in  the  median  line  where  it  is  shortest,  but  it  shows  distinctly 
a  deep  narrow  median  groove,  hardly  more  than  a  millimetre 
wide,  which  expands  anteriorly  and  divides  into  two  branches  in 
a  V  shape.  This  condition  of  a  median  groove  in  the  jaw-bone 
has  hitherto  been  considered,  and  I  believe  correctly,  to  be  distinc- 
tive of  the  lower  jaw,  and  I  therefore  propose,  notwithstanding 
the  arrangement  of  teeth,  which  led  me  originally  to  regard  it 
as  a  pre-maxillary  bone,  now  to  interpret  it  as  the  anterior  portion 
of  a  dentary  bone.  I  am  led  to  this  view  also  by  the  external  form, 
which  indicates  a  rapid  compression  of  the  sides  towards  the  lower 
part  of  the  jaw,  and  also  by  a  remarkable  oblique  truncation  of  the 
under  side  of  the  mandible,  which  is  somewhat  paralleled  in  the 
Ornithocheirus  macharorhynchus  (Ornithosauria,  pi.  xii.  fig.  1).     The 
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palate,  though  badly  preserved,  was  convex  on  each  side  of  the 
median  groove,  and  between  the  first  pair  of  palatal  teeth  the  width 
was  twenty-two  millimetres.  The  palatal  ridges  become  depressed 
a  little  as  they  approach  \i%  anterior  termination,  and  there  appear 
to  be  a  pair  of  small  pits  in  front  of  them,  external  to  the  V-shaped 
termination  of  the  palatal  groove.  The  teeth  which  formed  the 
anterior  comers  of  the  jaw  [Fig.  36  {q)]  are  only  indicated  by  the 
bases  of  the  crowns,  which  were  circular.  Each  is  fifteen  milli- 
metres in  diameter,  or  about  equal  to  a  medium-sized  tooth  of  an 
Ichthyosaurus,  and  perhaps  as  large  as  any  Plesiosaurian  tooth. 
Each  tooth  is  contained  in  a  socket,  which  approaches  within  about 
a  millimetre  of  a  lateral  wall  of  the  jaw,  and  within  about  two 
or  three  millimetres  of  its  anterior  termination.  ITie  bone  behind 
the  tooth-socket  rounds  convexly  from  the  lateral  palatal  inflation 
into  the  external  side  of  the  jaw,  without  any  limiting  ridge  or 
angle.  This  pair  of  teeth  was  directed  somewhat  forward  as 
well  as  upward  and  outward,  and  it  may  be  presumed  tliat  the 
outward  angle  was  determined  by  the  inferior  convergence  of  the 
lateral  walls  of  the  jaw.  Behind  this  pair  of  teeth,  and  separated 
from  them  by  an  interspace  of  five  or  six  millimetres,  was  another 
pair,  of  which  only  an  indication  of  the  anterior  wall  of  the  sockets 
remain.  These  show  that  the  second  pair  of  teeth  were  separated 
by  a  wider  breadth  of  the  palate.  The  sockets  are  not  directed 
upward  at  quite  the  same  angle,  and  that  on  the  right  side  shows 
the  fang  to  have  been  imbedded  in  the  jaw  for  a  depth  of  about 
thirty-five  millimetres.  The  bony  surface  at  its  posterior  fracture 
is  black,  rough,  and  corroded,  as  though  by  exposure  on  the  sea- 
bed, and  displays  one  or  two  fragments  of  incrusting  shells.  The 
anterior  face  of  the  specimen  is  triangular,  formed  about  a  right- 
angle  apparently  with  the  palate,  and  contains  in  its  upper  part  the 
broken  stumps  of  two  pre-palatal  teeth.  This  anterior  region 
is  about  thirty-five  millimetres  deep,  and  at  its  widest  part  at 
the  outer  corners  of  the  palatal  tooth-stumps  is  fully  thirty- 
five  millimetres  wide.  The  sides,  which  converge  inferiorly,  are 
about  thirty  millimetres  long,  and  round  into  each  other  in  an 
ill-defined  way  ;  the  upper  part  especially  of  the  lateral  wall  of  the 
jaw  rounds  convexly  towards  the  tooth-stumps  in  its  upper  part 
already  alluded  to,  but  it  is  margined  by  a  slight  ridge.  Tlie  superior 
outline  is  three-sided,  and  consists  of  a  middle  horizontal  portion, 
with  lateral  parts  sloping  outward  and  downward  in  front  of  the 
palatal  teeth.  The  tooth-stumps  on  this  anterior  face  [Fig.  3a  (p)] 
are  three  or  four  millimetres  below  the  anterior  border  of  the  palate, 
and  are  separated  from  each  other  by  an  interspace  of  less  than  half 
a  centimetre.  The  bone  of  this  interspace  in  its  upper  part  is 
smooth  and  marked  by  a  relatively  wide  and  moderately  ileep  groove, 
which  dies  away  towards  the  palatal  margin.  The  tooth  sockets* 
are  ovate,  probably  from  the  direction  of  the  section  of  the  tooth, 
one  and  a  half  centimetre  deep,  and  over  a  centimetre  wide.  They 
were  probably  circular,  since  they  are  seen  to  have  been  directed 
forward  at  a  greater  angle  than  the  palatal  teeth.    The  anterior  space 
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below  these  tooth  sockets  has  the  surface  less  w^ell  preserved  than 
file  npper  part,  but  it  was  marked  by  a  median  inflation  below  the 
teeth,  and  concavities  on  each  side,  which  converge  to  a  median 
concavity  that  becomes  continued   on   the  under  side   of  the  jaw. 
The  median  oblong  boss  between  the  teeth  appears  to  have  been 
rongbened  with  two  longitudinal  grooves,  and  the  whole  of  this 
inferior  region  gives  indications  of  rugosities,  as  though  fleshy  lips 
might  have  extended  forward  below  the  teeth,  and  there  are  no  in- 
dications of  blood-vessels  perforating  the  bone,  such  as  might  have 
been  anticipated  if  it  had  been  sheathed  in  horn.     The  basal  oblique 
truncation  which  forms  a  prolongation  of  this  anterior  region  down- 
ward and  backward  is  concave  in  length,  a  feature  seen  in  no  other 
Oreensand  Omithosaur.     It  is  about  three  and  a  half  centimetres 
long,  and  has  a  shallow  median  groove  about  seven  millimetres 
wide,  which  appears  to  become  shallower  as  it  extends  backward. 
It  is  margined  by  convex  ridges,  which  at  first  round  obliquely  into 
the  sides  of  the  jaw,  but  make  a  smaller  angle  with  it  as  the  jaw 
becomes  more  compressed  from  side  to  side  in  its  backward  exten- 
sion.    The  fragment  which  is  preserved  of  the  lateral  surfaces  of  the 
jaw  shows  smooth  bony  tissue,  is  concave  from  above  downward,  and 
nearly  flat  from  before  backward,  and,  as  already  remarked,  rounds 
into  the  adjacent  bony  surfaces.  These  lateral  areas  are  sub-rhomboid, 
are  preserved  for  an  antero-posterior  extent  of  hardly  more  than 
three  centimetres,  while  the  depth  of  jaw  indicated  by  the  fragment 
is  six  and  a  half  centimetres,  probably  a  good  deal  short  of  its  depth 
when  perfect.     The  extreme  posterior  width  of  the  specimen  behind 
the  first  pair  of  palatal  teeth  is  four  and  a  half  centimetres,  and  the 
width  of  the  jaw  where  fractured  at  the  posterior  termination  of  the 
base  is  one  and  a  half  centimetre. 

In  1869,  in  my  index  to  the  Reptilia,  etc.,  in  the  Woodwardian 
Museum,  I  gave  a  list  for  the  use  of  students  of  species  which  might 
be  founded  upon  the  Pterodactyle  remains  therein  enumerated  from 
the  Upper  Greensand,  and  I  further  grouped  these  species  into  two 
genera,  which  were  named  though  not  fully  characterized.  Pteno- 
daciylus  was  used  for  twenty-one  species,  all  more  or  less  allied  in 
character  to  the  Fterodactylus  Scdgwlcki  of  Owen.  The  other 
genus,  OmtthocheiritSf  included  three  species,  and  had  for  its  type  the 
Fterodactylus  simxis  of  Owen,  it  being  mentioned  in  a  note  that  the 
genus  was  distinguished  by  having  no  teeth  anterior  to  the  palate,  a 
character  which  inferentially  distinguished  it  from  the  other  new 
genus.  A  month  or  two  later,  in  the  beginning  of  1870,  "The 
Ornithosauria "  was  published,  and  in  that  book  I  temporarily 
abandoned  the  division  of  the  species  into  separate  genera,  not 
because  they  seemed  to  be  incapable  of  definition,  but  because  the 
species  appeared  to  be  capable  of  division  into  more  than  two  genera, 
and  I  thought  it  inexpedient  to  characterize  them  until  the  whole  of 
the  evidence  could  be  fully  put  forward,  and  supported  by  means  of 
figures.  The  name  Ptenodactylus  was  therefore  abandoned  and  the 
whole  of  the  species  described  were  temporarily  referred  to  Ornitho- 
cheirus.     This  genus  was  defined  (p.  112)  as  having  teeth  prolonged 
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anterior  to  the  muzzle,  and  as  having  a  palate  with  a  longitadinal 
ridge.  After  giving  briefly  the  characters  of  snouts  or  mandibles  of 
twenty-four  species  in  that  memoir,  it  was  remarked  (p.  127),  "The 
species  which  follow  were  separated  in  the  Index  (to  the  Omitho- 
sanria,  etc.)  as  a  different  genus.  That  proposal  might  still  be 
sustained,  for  these  massive  truncated  jaws  are  unlike  the  spear- 
shaped  jaws  of  many  of  the  species,  and  to  the  minds  of  some 
readei's  the  forms  already  described  will  arrantre  themselves  in 
gronps  >vhich  not  improbably  indicate  genera ;  but  a  re-examination 
of  the  type  Pterodactylua  simust  Owen,  has  convinced  me  that  it  is  a 
lower  jaw,  and  therefore  it  affords  no  evidence  of  the  presence  or 
absence  of  the  peculiar  front  pre-maxillary  teeth  which  characterize 
nearly  all  the  Cretaceous  species."  Since  that  date  circumstances 
have  delayed  my  intended  description  of  these  fossils  in  detail ;  but 
in  1874,  Prof.  Owen,  in  a  Monograph  on  the  Pterosauria,  published 
by  the  Palasontographical  Society,  after  referring  to  the  tapering 
snouts  which  formed  Yon  Meyer's  group  of  Pterodaciy^les  named 
SuhulirostreSf  observed  that  the  series  might  be  traced  to  other  forms 
in  which  the  snout  became  so  shortened  as  to  be  truncated ;  and  such 
forms  he  suggested  might  be  named  Trundrosires,  He  then  (p.  6) 
goes  on  to  observe  that  the  species  of  this  family  which  have  the 
foremost  pair  of  teeth  projecting  forward  in  the  upper  jaw  from  the 
truncate  surface  at  a  higher  level  than  the  alveolar  border  form  the 
genus  Coloborhynchus.  That  there  may  be  no  mistake  about  the 
nature  and  limits  of  this  genus,  the  species  Golohorhynchvs  Sedgwicki 
and  C.  Cuvieri  are  quoted  as  examples.  I  am  unable  to  detect  any  differ- 
ence between  Prof.  Owen's  definition  of  that  genus  and  my  previous 
definition  in  1870  of  Ornithocheirus  ;  while  Prof.  Owen,  by  quoting 
the  types  which  I  had  placed  at  the  beginning  of  my  enumeration  of 
the  species  of  Ornithocheirus ,  conclusively  shows  that  he  intends  his 
name  as  a  synonym.  As  it  is  not  usual  for  any  author  knowingly 
to  burden  nomenclature  with  synonyms  without  justification.  Prof. 
Owen  added  a  note  stating  that  he  "  has  no  evidence,  and  Mr.  Seeley 
has  given  none,  of  such  departure  from  the  Pterosaurian  type  of 
hand  as  would  justify  the  term  Ornithocheirus  proposed  by  Mr. 
Seeley  in  1870,  in  his  Omithosauria  (p.  112),  or  the  term  Ptenodac- 
tylus  previously  proposed  by  Mr.  Seeley  for  the  same  Pterodactyle  in 
tiie  Index  to  the  Fossils,  etc.,  in  the  Woodwardian  Museum."  I 
certainly  was  under  the  impression  that  the  genus  had  been 
sufficiently  explained  in  the  characters  set  forth  in  the  descriptions 
of  the  skeleton  between  pages  28  and  94  and  between  pages  112 
and  128  of  the  **  Onithosauria."  But  Prof.  Owen  implies  in 
this  note  that  the  Pterosaurian  type  of  hand  is  a  fixed  quantity 
already  known  to  him,  and  as  I  had  already  in  previous 
writint;s  expressed  my  dissent  from  the  interpretation  which 
Prof.  Owen  had  given  of  the  Ornithosaurian  carpus,  I  may 
perhaps  fairly  claim  tliat  Prof.  Owen  is  not  altogether  an  un- 
prejudiced judge  as  to  what  the  Pterosaurian  type  of  hand  really 
is.  It  seemed  to  me  that  the  carpus,  as  I  have  stated  in  the  Omi- 
thosauria   (p.   48),    consists    in    Ornithocheirus    of   "  three    bones 
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arranged  as  a  proximal  carpal,  a  distal  carpal,  and  a  lateral  carpal, 
Two  of  them  are  figured  by  Prof.  Owen,  who  regarded  the  distal 
carpal  as  scapho-cuneiform  ;  while  a  very  imperfect  example  of  the 
proximal  carpal  is  named  the  unciform :  neither  of  these  determi- 
nations, the  reverse  of  those  that  follow,  were  given  as  more  than 
probable  guesses."     In  "  Remarks  on  Prof.  Owen's  Monograph  on 
Dimorphodon/'  published  in  the  "  Annals  of  Nat  Hist,"  for  Aug., 
1870,  I  gave  a   figure  of  the  carpus  and  adjacent  bones  in  the 
genus  OrnithocheinUy  side  by  side  with  the  corresponding  bones  of 
the  ostrich,  such  as  I  had  been  accustomed  to  exhibit  in  my  lectures 
at  Cambridge.     Prof.  Owen  has  never  called  in  question  either  that 
nomenclature  of  the  carpus,  the  restoration   of  it,  'or  the  reasons 
given  for  so  reconstructing  it;    and  I  venture  to  repeat   that  the 
carpus  is  a  portion  of  the  hand  which  is,  in  this  type,  so  eminently 
bird-like  in  the  form  and  arrangement  of  its  elements  as  amply  to 
sustain  the  name  which  I  gave  the  genus,  if  indeed  it  needed  any 
such  justification.     I  am   therefore  at  a   loss  to   understand   the 
imputation  that  I  have  adduced  no  evidence  which  would  justify  the 
term  OrnithocJieirus,     Since  that  date,  in  the  Journal  of  the  Linnean 
Society  for  December,  187G  (pp.  93  to  103),  I  have  discussed  anew 
the  characters  of  the  hand  in  OrmthocheirttB,  showing  that  this  genus 
possessed   three   well- developed   metacarpal   bones,   of  which  two 
were  laige,  like  the  metacarpals  of  birds,  and  I  am  quite  content,  if 
a  name  can  be  called  in  question  on  such  grounds,  to  leave  its 
defence  to  the  evidence  there  set  forth.     The  Ornithosaurs,  however, 
all  have  the  ornithic  type  of  hand,  and  make  no  approximation  to  tlie 
structure  of  hand  seen  in  either  reptiles  or  mammals.    Bat  if  we  are 
to  begin  calling  in  question  the  fitness  of  generic  names,  and  proceed 
to  cancel  them  whenever  any  new  interpretation  is  supposed  to  make 
them  more  or  less  inappropriate,  nomenclature  will  be  in  a  const^int 
state  of  flux  whenever  names  aspire  to  convey  interpretations  of 
characters.     Thus  we  have  Ceteosnuriis  ;  there  is  nothing  whale-like 
in  this  Saurian,  it  was  not  even  an  inhabitant  of  the  water,  but  the 
name  sufficiently  served  the  purpose  of  indicating  a  typo  of  structure 
which  has  since  become  better  known.     Similarly  HylceosauruSj  if 
it  means  anything  at  all,  signifies  a  wood  Saurian  ;  and  it  may  bo 
doubted  whether  evidence  has  been  adduced  which  would  justify 
such  a  name.     I  am  not  concerned  to  defend  the  name  Plenodactylus, 
because  it  has  been  abandoned  in  my  later  work ;  but  I  imagine  the 
name  might  be  used  to  indicate  a  *'  winged  Saurian,"  without  any 
undue    stretching   of  meaning ;    and  I  therefore    urge,   that   until 
some  weighty  reasons  for  discarding  the  generic  names  which  I  gave 
to  the  Greensand  Ornithosaurs  are  adduced,  there  will  be  no  need 
for  any  one  to  remember  that   the  genus  Coloborhynchus  was  ever 
instituted.      I  have  found  it   necessary  to  make  this  explanation 
because  almost  the  only  fossil  which  closely  resembles  the  species 
which  I  have  here  described  is  a  species  from  the  Hastings  Sand, 
which   Prof.  Owen  has   described  under   the  name   Coloborhynchus 
davirostris.     From  the  figure  it  is  impossible  to  tell  whether  it  be  a 
pre-maxillary  or  dentary  bone,  but  from  its  close  resemblanco  m 
DSCADS  n. — roz.  riii. — xo,  i.  1 
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some  respects  to  this  species,  I  suspect  it  will  prove  to  be  dentary. 
It,  however,  differs  in  presenting  a  nearer  approximation  to  the  type 
of  Ornithocheirua  simu8t  and  it  entirely  wants  the  somewhat  flattened 
oblique  inferior  area,  which  in  Ornithocheirua  Beedii  is  oonoave  from 
front  to  back.  The  teeth,  however,  are  nearly  circular.  The  species 
now  described  differs  from  Ottiithocheirus  capita  (Omithosauria, 
p.  126),  in  the  circumstance  that  the  teeth  in  that  species  are  ellipticaL 

Obnithocheirus  xyphorhymohus  (Plate  L  Fig.  2a  and  26). 

This  species  was  founded  upon  a  fragment  from  the  middle  uf  a 
lower  jaw,  which  measures  5^  centimetres  in  length,  and  must  have 
presented  an  unusually  dagger-like  form.  There  is  a  narrow  median 
groove  running  along  the  palate.  The  base  of  this  groove  is  sharp, 
and  its  narrow  sides  diverge  upward  and  outward,  and  round  into  the 
palate,  so  that  it  appears  to  be  margined  by  a  ridge  on  each  side, 
about  a  millimetre  wide.  The  palate  is  formed  of  two  lateral 
portions,  which  look  obliquely  upward  and  outward,  and  are  inclined 
to  each  other  at  a  right  angle.  The  width  of  the  palate  at  its 
outer  limit  is  13  millimetres;  the  depth  of  the  inclined 
lateral  halves  of  the  palate  is  on  each  side  about  eight  millimetres. 
The  palatal  surface  shows  on  each  side  four  tooth-sockets,  better 
preserved  on  the  left  side  than  the  right.  The  sockets  are  placed 
on  the  outer  part  of  the  palate,  at  a  distance  of  four  millimetres  from 
the  median  groove.  The  inters[)ace  between  the  first  two  sockets  is 
eight  millimetres,  and  between  those  which  follow  a  trifle  more.  The 
sockets  are  ovate,  and  placed  obliquely  so  that  the  anterior  margin  of 
the  tooth  inclines  towards  the  inner  part  of  the  palate,  and  its  hinder 
margin  towards  the  outer  limit  of  the  palate,  where  the  bone  is 
elevated  a  little  as  usual.^  The  interspaces  are  slightly  concave  from 
front  to  back,  and  the  inner  and  hinder  border  of  the  tooth-socket  is 
more  elevated  than  its  anterior  border.  From  this  description  it  will 
be  seen  that  the  inner  part  of  the  palate  rises  as  a  double  ridge 
between  the  teeth,  and  in  length  this  ridge  is  very  slightly  concave. 
The  sides  of  the  jaw  below  the  teeth  round  continuously  into  the 
inter-alveolar  spaces,  but  they  converge  inferiorly  into  a  blunt  keel. 
The  side  below  the  alveolus  is  twelve  millimetres  deep  in  front,  and 
increases  a  little  in  depth  behind.  It  is  gently  convex  and  appears 
to  be  impressed  in  the  lower  part  by  the  longitudinal  groove  which 
is  parallel  to  the  base.  It  is  about  half  a  centimetre  from  the  base 
on  the  right  side,  and  a  little  higher  and  less  distinctly  marked  on 
the  left  side,  especially  in  front.  But  for  the  convexity  of  the  surfaces 
above  and  below,  I  should  have  regarded  it  as  the  result  of  fracture. 
Opposite  the  third  pair  of  tooth-sockets  are  two  holes  with  impressed 
borders  apparently  due  to  teeth  of  a  flattened  character,  such  as 
those  of  a  Pycnodont  fish.  The  larger  of  these  impressions  is  seven 
millinietres  long.     The  outer  layer  of  bone  is  a  good  deal  scaled  off 

*  The  tooth-sockets  are  not  uniformly  of  the  same  size.  The  earliest  of  the  four 
is  the  smallest,  and  the  fourth  is  smaller  than  the  third.  The  so<H»nd  socket  is 
7  millimetres  in  length  and  4  millimetres  in  width.  The  teeth  appear  to  have  been 
directed  as  usual  upward,  inward  and  a  little  forward. 
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from  the  sides  of  the  specimen.  This  species  nearly  resembles  the 
Omithocheims  Sedgwtcki  of  Owen,  but  differs  in  the  less  depth  of 
the  jaw,  the  greater  height  of  the  inter-alveolar  palatal  ridge,  the 
much  narrower  palatal  groove,  and  the  greater  distance  between  the 
tooth-sockets.  It  resembles  that  species  in  having  the  tooth-sockets 
in  pairs  opposite  to  each  other,  in  the  ovate  form  of  the  sockets,  and 
in  the  compressed  aspect  of  the  jaw,  though  the  inferior  keel  in  this 
species  is  much  more  rounded.  In  the  Fterodactylus  Cuvieri,  the 
lower  jaw  of  which  has  not  been  figured,  except  in  an  anterior 
fragment  (plate  xii.  fig.  5,  Ornithosauria),  the  jaw  entirely  wants  the 
slender  dagger-like  shape. 

One  of  the  most  distinctive  bones  of  the  skeleton  of  Omithocheirus 
is  the  scapula.  In  many  other  Omithosaurs^  such  as  Dimorphodon, 
the  bone  has  a  very  avian  aspect,  but  in  this  genus  its  form, 
though  thoroughly  distinctive,  perhaps  rather  suggests  the  Crocodile, 
and  as  Mr.  Heed's  collection  contains  one  of  the  most  perfect 
specimens  of  this  bOne  which  I  have  seen  from  the  Cambridge 
Greensand  (Plate  I.  Figs,  la,  16),  I  by  his  kindness  append  a  short 
note  upon  its  characters. 

The  extreme  length  of  the  specimen  from  proximal  to  distal  end 
is  about  nine  centimMres.  It  is  best  pi'eserved  on  the  internal  side, 
which  is  concave  in  length.  The  proximal  end  is  expanded,  and 
shows  a  small  portion  of  the  articular  surface,  but  the  boue 
there  is  a  good  deal  decomposed,  and  all  trace  of  its  union 
with  the  coracoid,  probably  sutural,  is  obliterated.  The  bone 
also  expands  a  little  at  the  distill  end,  and  the  middle  of  the 
shaft,  which  is  compressed  and  constricted,  somewhat  thickens 
distally.  The  bone  terminates  distally  in  a  broad  ovate  flattened 
snrface,  which  is  smooth  and  moderately  convex  in  length.  The  out- 
line is  rounded  on  the  coracoid  side,  and  compressed  ort  the  posterior 
margin.  The  extreme  width  of  this  end  is  about  two  and  a  half 
centimetres,  and  where  thickest  is  about  one  and  a  half  centimetre 
through.  This  surface  is  at  right  angles  with  the  concave  side  of 
the  shaft.  In  its  most  constricted  middle  portion  the  width  of  tlie 
shaft  is  about  fifteen  millimetres,  and  its  thickness  from  the  com- 
paratively flattened  under  side  to  the  more  convex  outer  side  is  about 
twelve  millimetres.  The  proximal  end  of  the  bone  terminates  in  a 
large  rhomboid  mass,  which  is  somewhat  cup-shaped  on  the  inner 
side.  Its  extreme  width  is  about  four  centimetres.  It  is  broken  on 
both  sides  of  the  median  articular  surface,  which  is  a  little  concave 
in  length,  and  measures  one  and  a  half  centimetre.  Its  transverse 
measurement  is  about  seven  millimetres,  and  in  this  direction  is 
convex.  The  fracture  on  the  outer  side  is  probably  small,  since  more 
perfect  specimens  show  the  bone  here  to  terminate  in  a  rounded  and 
compressed  tuberosity  not  greatly  different  in  outline  from  that 
indicated  by  the  fossil.  The  long  fracture  on  the  side  towards  the 
coracoid,  which  measures  about  two  centimetres  in  length,  may  havo 
removed  a  small  portion  of  the  bone.  The  lateral  outline  of  the 
shaft  posterior  to  this  fracture  on  the  coracoid  side  is  deepl}'  concave 
proximally  and  nearly  straight  towards  the  distal  end.     The  corre- 
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spoiiding  posterior  outline  is  more  evenly  concave.  The  posterior 
side  is  compressed  into  a  nearly  straight  ridge,  which  runs  along  the 
concave  margin  of  the  bone. 

EXPLANATION  OF  PLATE  I. 

Fig.  la. — Internal  surface  of  scapula  of  Omilhocheirm ;  the  figure  is  placed  at  tlie 
proximal  end,  towards  the  coracoid  margin. 
\b. — Superior  margin  of  the  same  specimen. 

2a. — Lateral  aspect  of  lower  jaw  of  Omitkocheirun  xyphorhynehiu. 
2b. — Palatal  aspect  of  same  specimen,  showing  tooth -sockets. 
3<?. — Anterior  termination  of  snout  of  Omithocheit-us  Reedii^  seen  from  the 
front. 


>» 


»» 


3^. — Lateral  aspect  of  same  specimen^  showing  (p)  (Q^)  fragments  of  teeth. 

All  figures  of  the  natural  size. 


III. — Oblique  and  Outhogonal  Sections  of  a  Folded  Plane. 

By  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 

IN  the  tenth  volume  of  this  Magazine,  a  correspondence  appeared 
upon  the  subject  of  *'True  and  Apparent  Dip,"  which  was 
started  by  Mr.  Penning,  and  continued  by  several  able  geologists. 
The  object  of  the  present  article  is  to  call  attention  to  another 
branch  of  the  same  subject.  We  are  all  acquainted  with  "  Sopwith'a 
Models,"  in  which  are  experimentally  shown  the  outcrops,  or 
**  traces,"  of  plane  strata  upon  variously  curved  surfaces.  We  now 
are  about  to  refer  to  the  outcrop  of  curved  strata  upon  a  plane 
surface.  I  was  led  to  examine  this  question  from  the  following 
circumstances. 

Professor  Prestwich,  a  few  weeks  ago,  was  so  kind  as  to  show  me 
a  very  typical  instance  of  the  superficial  deposit  which  I  call  "  trail," 
in  a  railway  cutting  now  in  progress  of  construction  near  Chevening, 
in  Kent.  The  cutting  is  in  Gault,  and  the  trail  appears  as  coarse 
snbangular  flint  gravel,  unstratified,  impacted  in  a  brownish-red 
matrix  of  sandy  clay,  which  is  very  similar  in  com|>osition  to  the 
"  clay  with  flints,"  which  generally  covers  at  a  far  higher  level  the 
upper  parts  of  the  North  Downs.  This  trail,  as  seen  in  the  E.  and 
W.  railway  section,  showed  pockets  sometimes  four  or  five  feet 
deep,  and  having  a  general  oblique  trend  all  in  one  direction. 
The  natural  conclusion,  on  a  cursory  examination,  was  that  sonie 
superficial  horizontal  pressure  acting  from  W.  towards  E.  had 
given  them  this  uniformity  of  trend.  But  upon  viewing  the  sections 
on  the  south  bank  from  the  north,  it  appeared  that  the  trend 
was  exactly  opposite  to  that  of  the  sections  on  the  north  bank 
when  viewed  from  the  south.  This  fact,  at  first  sight,  seemed 
anomalous.  But  after  a  little  consideration  Professor  Prestwich 
suggested  to  me  the  true  explanation.  The  oblique  trend  is  not 
necessarily  real,  but  api)arent  only  ;  and  is  caused  by  the  obliquity 
between  the  direction  of  the  furrow  of  trail  and  of  the  inclined 
plane  which  cuts  it. 

We  had  a  model  made  in  wood,  and  found  that  a  furrow,  whose 
orthogonal  section  was  semicircular,  gave  an  obliquely  placed  loop 
uj>ou  the  face  of  the  cutting  plane.  Of  course  this  might  have  been 
foreseen  ;    because  it  is  well  known  that  the  oblique  section  of  a 
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horizontal  round  cylinder  by  ft  plane,  gives  rise  to  an  ellifse,  the 
pofition  of  whnse  major  axis  can  be  in  a  vertical  plane  only  in  one 
particular  relative  position  of  the  two. 

Let  lis  speak  no  longer  of  trail  furrows,  but  generally  of  the 
section  of  any  horizontal  cylindrical  enrface,  or  part  of  such  surface, 
or  of  a  folded  stratum,  such  that  its  section  by  any  horizonlAl  plane 
would  give  a  system  of  parallel  straight  lines;  for  it  is  obvious  that 
our  concluaione  are  nnaffected  by  the  scale  on  which  the  phenomena 
oocar.  It  appears  then  that  no  apparent  obliquity  of  trend  can  be 
given  by  a  vertical  section,  e.g.  by  a  vertical  cliff,  and  that  if  any 
such  obliquity  appears  in  the  trend  of  the  trace,  it  must  in  that  case 
exist  in  the  folding  of  the  strata  themselves.  But  if  the  section  be 
made  by  a  plane  inclined  to  the  vertical  like  the  side  of  a  railway 
cutting,  then,  although  there  may  he  great  obliquity  of  trtnil  in  the 
trace  of  the  foldings,  there  need  not  necessarily  be  any  in  the  folilings 
themselves. 

Note. — The  following  is  a  geometrical  solution  of  the  problem  : 

How  to  delineate  upon  a  cutting  plane  t\e  trace  of  a  cylindrical,  or  any 

otter  lur/aee,  uhich  can  be  formed  out  of  a  folded  plane. 

Fio.  1. 


Let  B'ABb  be  a  horizontal  straight  lino  (which,  for  simplicity, 
we  may  consider  to  be  the  asie  of  a  prism)  parallel  to  the  curved 
surface,  whose  trace  we  wish  to  delineate  upon  a  given  plane  which 
cuts  it. 

Let  j1  C  be  a  horizontal  straight  line,  drawn  upon  the  cutting 
plane. 

Let  the  angle  BAC  =  a,  and  let  the  cutting  plane  be  inclined  at 
an  angle  /S  to  the  horizon. 

Draw  the  line  A  E  normal  to  the  plane,  and  let  it  malte  wilh  A  B 
the  acute  angle  £-4  S  =  fl.  Then  the  angle  between  the  cutting 
plane  and  the  axis  of  the  prism  will  be  the  complement  of  0. 

Describe  a  spherical  surface  about  A,  and  let  this  cut  the  vertical 
plane  in  ED  G,  the  cutting  plane  in  G  F.  the  horizontal  plane  in 
HBC,  and  the  plane,  in  which  lie  the  normal  to  the  cutting  pUine 
and  the  axis  of  the  c^lijii^^r,  in  EBF. 
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Then  we  hnve  by  spherical  trigonometry,  in  the  triaDgle  E  D  B 
which  is  right-angled  at  J), 

cos  EB=c(M  BD  cos  ED, 

or  8in  e=sin  a  em  j9.      (1) 

Also  the  position  of  the  plane  of  0  with  reference  to  tbo  horizontal 
lineilCis  theaogle  CAF=9if—0F. 

Let  CAF=:<I). 
Tlicn  we  have  in  the  triangle  ED  B,  right-angled  at  D, 

sin  i>E=tan  DBootDEB. 
And  in  the  triangle  E  0  F,  right-angled  at  G, 

einBG=taD  G  Foot  DUB. 
Hut  E  G=W  and  ain  E  0=1 

,',  eliminating  i)£S 

tan  <^=cos  j3  tan  a-     (2) 

The  direction  in  which  the  dimension  of  the  trace  will  be  the  same 
as  that  of  the  original  surface  will  be  at  right  angles  to  the  plane 
EAn,  and  therefore  to  the  line  4F. 

The  directinn  upon  the  orthogonal  section  of  the  ojlinder  whicb 
will  be  most  distorted  in  the  trace  will  be  that  in  which  the  plane 
EBF cuts  it.  Henoe  it  will  make  the  angle  C B  F  or  EBD  with 
the  horizon.     Call  it  yjr. 

From  the  right-angled  triangle  EBB. 

ainZJfi^tan  E  D  cot  E B D 
or  cos  a:=cot  /3  cot  ^fr 

.".  cot  i^=coa  a  tan  /3.    (3) 

(Hence  out  ^  tan  <^=8in  a  sin  /3 
=sin  e.) 
Equation  (2)  shows  how  the  obliquity  of  the  trace  ifl  inverted 
when  the  catting  plane  is  inclined  in  the  opposite  direction  to  the 
horizon,  aa  upon  opposite  sides  of  a  railway  cutting ;  for  in  that  case 
we  must  substitute  180° — j9  for  /9i  and  then, 
tan  ^'=  — cos  j8  tan  a, 
whence  0'=18O° — ift. 
If  the  axis  of  the  prism  should  not  be  horizontal,  but  lie  in  a  plane 
inclined  at  an  angle  y  to  the  horizon,  it  is  obvious  that  our  demon- 
Htration  will  be  rendered  applicable  to  this  case  also  by  writing 
^ — 7  for  j3.     The  angle  a  will  not  however  lie  in  a  horizontal  plane. 
Fio.  2. 


Kugwiug  the  strike  of  a  burtace,  our  equatiouii, 
cot  ^=C08  a  tan  ft 


mb!e  us  to  deliaeate  its  trace  on  any  plar 
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For  lei  P  iS^  Q  be  an  orthogonal  section  of  the  surfaoe  whose  trace 
is  required.  Draw  B  8  inclined  at  an  angle  yfr  to  P  Q,  Then  R  8 
will  be  the  direction  in  which  the  distortion  in  the  trace  will  be 
greatest 

To  delineate  the  trace,  draw  a  horizontal  line  A  C,  and  make 
A  C=P  Q  cosec  a. 

Draw  HF  making  the  angle  ^  with  A  C.  It  is  the  direction  of 
greatest  distortion. 

Divide  P  Q  and  A  C  into  the  same  number  of  equal  parts,  and 
draw  ordinates  parallel  to  BS  and  MF  respectively.  Then,  if  the 
ordinates  on  ^  0  be  made  to  bear  to  those  on  P  Q  the  ratio  of  cosec  d 
to  unity,  ttieir  ends,  when  joined  by  a  curve  drawn  libera  manu,  will 
give  the  trace  desired. 

In  the  example  (Fig.  2),  it  is  supposed  that  the  strike  of  the 
cylinder,  or  folded  surface,  is  N.E.  by  N.  and  S.W.  by  S. ;  and  that 
the  direction  of  the  cutting  plane  is  E.  and  W.,  and  that  it  is  inclined 
at  an  angle  60^  to  the  horizon. 

In  this  case  a=33°  45^ 
and  /8=60°. 
Our  equations  then  give, 

=34°  46^ 

=18°  28^ 

0  =28°  45^ 

and  the  trace  of  the  left-hand  figure  is  sufficiently  correctly  de- 
lineated by  that  on  the  right 

For  a  railway  cutting,  60°  would  be  a  very  high  angle.  In  the 
case  which  we  examined  in  Kent  it  was  about  30°.  This  smaller 
angle  would  impart  a  much  greater  obliquity  to  the  trace. 


t 


ly. — On   the   Eelation   of  the  Esoharoid   Forms   op    Oolitic 
Polyzoa  to  the  Cheilostomata  and  Cyclostomata. 

By  Francis  D.  Lonoe,  F.G.S. 
(PLATE   II.) 

THE  Oolitic  Polyzoa  have  been  very  little  studied  in  this  country, 
lliey  are  badly  represented  in  our  museums,  and  no  systematic 
account  of  them  has  been  given  by  any  English  writer.      Their 
remains,  however,  i^re  both  abundant  and  often  well-preserved  in 
the  Pea-grit  beds  of  the  Inferior  Oolite  near  Cheltenham,  and  in  the 
Forest-marble  beds  near  Bath.      Some   Inferior  Oolite  beds  near 
'Metz,  and  the  Forest-marble  beds  near  Caen  in  Normandy,  are  still 
;4BOre  prolific,  and  the  produce  of  these  several  beds  has  furnished  a 
'■[jwmy  full  illustration  of  the  more  prevalent  forms  of  this  class  which 
't^ived  in  the  Oolitic  seas. 

In  comparing  these  forms  with  those  of  the  living  representatives 
of  the  class,  we  observe  that  while  the  Oolitic  group  contains  several 
obsolete  forms,  two,  at  least,  viz.  the  creeping  Diastopora  and 
Aleeio  (Stomatopora) f  have  survived  to  the  present  time,  retaining 
their  identity  in  a  very  remarkable  manner,  both  in  respect  of  cell 
features  and  habit  of  growth.     Of  these  two  forms,  we  are  only 
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concerned  at  present  with  the  creeping  Diattopora.  This  form 
occupies  a  very  different  position  among  the  living  Polyzoa  from  that 
which  it  occupied  in  the  Oolitic  period.  In  the  Oolitic  beds  it  is 
very  abundant,  and  represented  by  a  considerable  number  of 
varieties ;  while  the  creeping  forms  are  so  manifestly  connected  by  a 
similarity  in  the  character  and  variations  of  their  cell  features  with 
some  of  the  common  Escharoid  forms  of  the  period,  that  Milne- 
Eil wards  classed  both  groups  together  as  different  species  of  the 
same  genus  Diastopora,^  Among  living  Polyzoa,  the  creeping 
Diastoporay  although  common,  appears  to  be  represented  by  a  smaller 
number  of  specific  varieties,  while  it  presents  little,  if  any,  recog- 
nizable affinity  to  the  Escharoid  forms  of  the  present  seas.  The 
living  Escharoids  appear  rather  to  be  connected  with  another  group 
of  creeping  forms,  the  Lepralidat  Busk,*  which,  although  identical  in 
habit  of  growth,  and  often  associated  on  the  same  substance  of 
attachment  with  Ditutopora,  are  generally  speaking  distinguishable 
from  that  form  by  a  marked  difference  in  their  more  characteristic 
cell  features;  a  difference  which  has  been  made  the  basis  of  distinc- 
tion between  the  two  groups  or  sub-orders  called  the  Cijclostomaia 
and  the  Cheilostomata,  According  to  this  division,  the  Diastoporida 
belong  to  the  Cyelostomatci,  and  the  Lepralida  to  the  Cheilostomata. 
And  it  follows  that,  if  tliis  principle  of  classification  is  to  be  applied 
to  the  Oolitic  Polyzoa,  the  Escharoid  forms  of  that  period,  which 
Milne-Edwanls  determined  to  be  Diastoporida,  must  be  assigned  to 
the  Cychstomata ;  while  the  Escharoid  forms  of  the  present  seas, 
the  Escharid^tf  or,  as  Hincks  designates  them,  the  foliaceous  Lepra- 
Udify  etc.,'  are  by  all  systematists  classed  with  the  Cheilostomata. 
])ut  it  is  clear  that  the  Escharoid  forms,  whether  they  appear  in  the 
OiUitic  or  any  subsequent  group,  have  a  marked  feature  in  common, 
which,  if  it  does  not  imply  generic  affinity,  at  all  events  distinguishes 
them  from  all  other  calcareous  forms,  viz.  the  peculiar  mode  in 
which  the  foliaceous  lamellfe,  of  which  the  coenoecia  consists,  are 
foruieil  by  the  growing  together  of  two  layers  of  cells,  placed  back 
to  back. 

If  then,  this  principle  of  classification  is  sound,  the  similarity  in  the 
structure  of  the  ccBuoeoium  in  the  Escharoid  forms  must  be  regarded 
only  as  a  coincidence  in  the  development  of  form  in  two  distinct 
races.  And  there  would  be  no  objection  to  ;such  a  view,  if  the 
Escharoid  forms,  as  exhibited  in  these  different  periods,  presented  a 
difference  in  oell  feature  corresponding  to  the  different  characteristics 
of  the  two  orders.  It  is  perfectly  clear,  however,  that  some  of  the 
Ovditio  Efcharoids  themselves  pos^^ess  the  characteristic  cell  features 
of  the  Chtilostomafa  in  a  marked  degree:  and  their  affinity  to  the 
ChoiU^stomatous  Es^charidtr  has  l»een  recv\i:nnzeil  by  no  less  authorities 
th:in  D*Orbigiiy  *  and  Miohelin.*     Assuming  then  that  this  principle 


*  I  hdiTif  a  $*vvimt  n  oi  an  iVlitio  PiA*tc^\-^>»  whi«,h.  at:*T  iiioni^tinsr  « 
;u>:  vvaitatXvw.  i  bilaaiiiwto  u»r:j:ht  jrrv^wth.      S*v  Bu>k'<  Fv^il  Pol 

'  Bf.::*h  MaHu^  FoItt^vu  Z^t-.?;' <•/".. *»4>v4.  p!  501. 


ologiqne. 
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of  classification  is  sound,  the  Oolitic  Escharoids  themselves  must  be 
divided  between  two  different  orders.  If,  on  the  other  hand,  their 
study  proves  generic  affinity  between  the  whole  group,  we  must 
look  in  another  direction  for  an  escape  from  the  dilemma. 

The  weight  of  the  evidence  which  these  forms  present  of  being 
closely  allied,  either  as  different  species  of  the  same  genus,  or  as 
mere  varieties  of  the  same  species,  can  only  be  fully  appreciated  by 
an  examination  of  the  forms  themselves ;  but  it  is  sufficient  evidence 
of  such  affinity  that  Jules  Haime,  the  only  student  of  these  forms 
that  I  am  aware  of,  who  has  written  a  systematic  account  of  them, 
was  so  convinced  of  their  generic  identity  that,  notwithstanding 
D'Orbigny  and  Michelin  having  expressed  different  views  as  to  many 
of  them,  he  classed  them  all  as  Tubilipora,^  a  division  corresponding 
to  the  Cyclostomata  of  later  authors ;  and  he  did  this  in  face  of  the 
objection,  that,  according  to  such  a  view,  the  Cheilostomata  (or,  as 
he  called  them,  the  Escharidix)^  which  were  so  abundantly  repre- 
sented in  the  Chalk,  must  have  originated,  not  by  any  modification 
of  corresponding  Oolitic  forms,  but  either  by  a  new  creation,  or  by 
a  process  of  development  from  some  obscure  form,  which  took  such  a 
rapid  and  remarkable  course  as  to  produce  in  the  very  next  period 
a  number  of  Escharoid  forms  so  similar  in  their  character  and  even 
cell  feature  as  to  be  undistinguishable  from  the  Oolitic  Escharoida 
by  such  observers  as  D'Orbigny  and  Michelin. 

A  reference  to  the  points  of  doubt  or  dispute  raised  by  these 
authorities,  in  their  attempts  to  apply  this  system  of  division  to  theso 
Escharoid  forms  as  are  represented  in  the  Oolites  and  the  Chalk,  will 
show  at  once  the  gist  of  the  question  raised.  D'Orbigny  figures 
and  describes  a  Cretaceous  form  very  similar  to  some  of  the  Oolitio 
species,  first  as  an  Eschara,  in  his  order  Cellulines ;  and  afterwards 
as  an  Elea,  in  his  order  Centrifugines.  He  did  not,  however,  make 
this  change  in  the  classification  of  this  form  until  he  had  introduced 
into  his  system  a  sub-order  which  he  called  the  Centrifugines 
Operculines,  i.e,  forms  which  combined  the  tubular  cell  of  the  Cyclo- 
itomata  with  the  operculum  of  the  Cheilostomata,  To  this  sub-order 
lie  assigns  two  families.  1.  The  Eleidce,  embracing  several  of  tho 
ambiguous  Escharoid  forms  common  to  the  Oolites  and  tho  Chalk — 
and  a  dendroid  form,  MeltcertUea,  also  common  to  these  two  groups. 
2.  The  Myriozoumidae,  in  which  he  placed  the  genus  Myriozoum — a 
living  genus  the  ambiguous  character  of  which  is  recognized  by  recent 
aathorities.*  In  his  account  of  the  Oolitic  Polyzoa,  Jules  Haime,  in 
dealing  with  one  of  the  forms  classed  by  D'Orbigny  as  an  Ele<i,  refers 
to  D  Orbigny's  view  as  to  its  possessing  opercula,  but  rejects  it  at 
once  as  a  mere  error  of  observation,  suggesting  that  what  D'Orbigny 
took  for  opercula  was  merely  a  disfigurement  of  the  cells  in  a  badly- 
preserved  specimen.  As,  however,  the  lids  or  closures  which 
D'Orbigny  determined  to  be  opercula  are  very  evident  in  the  best- 

'  Memoirs  de  la  Socidt^  geologique  de  France,  1854,  Description  des  Bryozairea 
fooiles  de  la  formation  Jurassique. 

'  See  A.  W.  Waters,  Bryozoa  of  the  Bay  of  Naples,  Ann.  and  Mag.  Nat.  Ilist. 
Tol.  iii.  1879  ;  also  Joum.  K.  Microscop.  JSoc.  vol.  ii.  xxiv. 
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preserved  forms,  Haime's  explanation  is  valueless.  Nor  oan  it  be 
supposed  that  such  an  observer  as  D'Orbigny  would  have  gone  the 
length  of  establishing  a  distinct  group,  embracing  several  foliaceous 
and  dendroid  forms,  common  to  the  Oolites  and  the  Chalk,  if  he  had 
not  strong  evidence  of  the  presence  of  operoula  in  the  cells  as  well  as 
of  their  tubular  forms.  The  difference  of  opinion  among  these 
authorities  as  to  the  character  of  many  of  these  forms  is  undoubtedly 
to  be  attributed  to  the  important  fact  that  roost  of  them  exhibit  a 
very  different  character  of  cell  feature  in  different  parts,  even  of  the 
same  lamella.  The  Escharoid  forms  of  the  Oolites  may  be  divided 
into  three  groups.  In  one  group,  the  cell  structure  is  very  irregular, 
some  of  the  cells  are  immersed,  with  their  orifices  immediately  on 
the  surface  of  the  lamella ;  other  cells  close  by  are  protruding.^ 
In  another  group  the  protruding  cells  disappear,  but  the  immersed 
cells  are  irregular  in  length  and  form,  and  irregularly  arranged.'  It 
is  in  lamellee  of  this  character  that  I  have  observed  the  lids  which 
D^Orbigny  regarded  as  opercula  in  such  a  state  of  preservation  as  to 
show  that  they  possess  the  same  punctured  texture  as  the  surround- 
ing coenoecium.  Such  evidence,  if  it  does  not  prove  these  lids  to  be 
opercula,  disposes  satisfactorily  of  the  suggestion  that  they  are  the 
effects  of  decay,  or  the  mere  filling  up  of  the  cells  by  crystallization.* 

In  the  third  group,  tlie  cells  are  more  uniform,  and  so  regularly 
arranged  as  to  produce  the  quincunxial  symmetry  and  angular  areola- 
tion  so  characteristic  of  the  Cheilostomatous  Escharida  of  the  Chalk. 
These  forms  are  represented  by  the  Eschar  a  ItanviUiana  of  Michelin,^ 
and  other  varieties.  No  unprejudiced  observer  can  doubt  the  Cheilo- 
stomatous character  of  this  form.  Jules  Haime,  however,  was 
compelled  by  his  principle  of  classification  to  deny  it  such  attributes, 
and  accordingly  gets  over  the  difficulty  by  identifying  it  with  another 
form,  which  he  called  Diastopora  lamellosa,  a  form  in  which  the 
Cheilostomatous  character  was  much  less  shown. 

If  we  refer  to  Hagenow'a  account  of  the  Polyzoa  of  the  German 
Cretaceous  beds,^  we  find  that  while  recognizing  the  existence  in  these 
deposits  of  the  Escharoid  forms  which  Milne-Edwards  had  classed  as 
DiaatoporidiBf  he  does  not  figure  or  describe  any  specimens  himself. 
The  only  figure  of  a  Diastopora  of  any  kind  which  he  gives  is  a 
creeping  form  of  the  common  type.  This  figure  appears  in  a  plate 
containing  Urceolate  or  Cheilostomatous  forms,  and  he  states  that  he 
had  originally  classed  this  Cretaceous  Diastopora  as  an  Urceolate, 
but  that  be  had  transferred  it  to  the  Tubilipora,  on  the  authority  of 
Milne- Ed  wards  that  Diastopora  has  no  operculum.  As  he  took  no 
further  notice  of  the  Escharoid  Diastoportdce,  he  avoided  discussing 
D'Orbigny's  view  as  to  the  operculum.  The  only  Escharoid  forms 
which  he  himself  describes  are  entered  in  his  list  as  Escharida  in  his 

1  See  Fig  1,  Plate  II.  Also  plates  to  Jules  Haime's  memoir,  and  in  Michelin's  and 
D'Orbigny's  works  above  cited,  illustrating  i)t<w;o/>ora,  Bidiaslopora  and  Mesenteric 
pora.  ^  See  Figs.  2  and  3. 

3  Lids  similarly  pimctured  are  visible  in  the  non-protnident  cells  of  other  kinds 
of  Oolitic  Polyzoa  when  well  preserved.  *  See  Fig.  4. 

*  Die  13r}ozoen  der  Maastrichter  Kreidebildung. 
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family  Urceolata.  But  it  is  clear  that  the  only  reason  of  which  he 
was  aware  for  separating  these  ambiguous  Escharoid  forms  from  the 
Tesk  of  the  Escharida  was  that,  according  to  the  authority  of  Milne- 
Edwards,  the  Diasioporida  had  no  opercula,  and  therefore  must  have 
belonged  to  the  other  family  or  order.  It  may  be  observed  that  he 
had  not  ascertained  this  himself,  for  he  had  actually  classed  Diastopora 
with  the  Urceolata.  But  had  Hagenow  examined  the  recent  DiastO' 
porida  for  himself,  he  would  have  found  that  while  they  present  a 
corresponding  irregularity  of  cell  feature  to  that  of  the  Escharoid 
forms,  which  Milne-Edwards  and  Jules  Haime  assigned  to  the  same 
genus,  they  exhibit  operculoid  lids  in  many  of  the  cells,  punctured 
in  a  similar  manner  to  those  which  D'Orbigny  observed  in  the  forms 
which  he  classed  as  Eleida.  Why  are  not  these  lids  opercula  ?  I 
submit  that  there  is  absolutely  no  reason  for  disputing  their  complete 
homology  with  the  opercula  of  the  Cheilontomata^  except  that  the 
absence  of  such  an  apparatus  in  the  mouth  of  the  cell  has  been  put 
forward  (apparently  on  the  authority  of  early  observers)  as  the 
principal  feature  by  which  the  Oyclostamata  are  distinguished  from 
the  Cheiloatomata. 

How  the  lids  which  close  some  of  the  cells  in  Diastoporida  were 
either  not  observed  or  their  presence  ignored  by  early  systeraatists 
is  easily  explained.  According  to  the  definition  of  the  Tubuliporina 
given  by  Johnston,^  which,  with  an  immaterial  modification,  has 
been  adopted  by  Busk,  the  absence  of  opercula  is  stated  to  be  an 
essential  charaoteristio.  The  Cyclostomatous  cell  is  defined  in 
Busk's  Synopsis  of  the  Primary  Divisions  of  the  Polyzoa.*  to  be 
"tubular,  orifice  terminal,  of  the  same  diameter  as  the  cell,  with- 
out any  movable  apparatus  for  its  closure." 

Now  it  is  perfectly  true  that  the  more  prominent  and  visible  cells 
in  the  DiasfoporidcB  are  of  the  typical  tubular  form  as  above  defined, 
and  they  sufficiently  demonstrate  the  connexion  between  Diastopora 
and  other  tubular-celled  forms  for  the  purpose  of  classification.  It 
i«,  however,  very  clear  that  nearly  every  coenoecium,  particularly  of 
D,  patina.  Busk,  contains  other  cells  of  a  very  difierent  character 
and  pattern,  so  much  so,  that  the  observation  of  a  few  specimens 
will  show  that  this  definition  of  the  cyclostomatous  cell  only 
applies  to  some  of  the  cells  in  this  form.  It  will  be  observed  that 
besides  the  prominent  tubular  cells,  there  are  some  cells  decumbent 
and  much  immersed,  which  have  a  fusiform  or  elongated  oval  shape, 
and  that  these  cells  are  closed  by  lids  or  shutters  of  the  same  form 
and  character  apparently  as  the  opercula  in  many  of  the  LepralidcB.^ 
To  these  cells  this  definition  does  not  apply  any  more  than  to  the 
cells  of  many  of  the  Cheilostoraatous  forms. 

Although  these  closed  cells  appear  to  have  been  unnoticed  by 
earlier  observers,  they  have  not  escaped  the  observation  of  later 
students.  Professor  Busk  himself  recognizes  their  existence  in 
Diastopora  patina ;  and  Mr.  Hincks  mentions  them  as  occurring 
in  this  and  other  species  of  living  Diastoporida,    Johnston,  however, 

*  Johnston's  British  Zoophj-tes,  vol.  i.  p.  262. 

*  Preface  to  the  Fossil  Volyzoa  of  the  Vrag,  p.  9.  ^  See  ¥\g.  ft. 
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although  he  gives  a  full  aooount  of  all  the  forms  of  which  be  treats, 
makes  no  mention  of  them.  It  is  clear,  I  think,  that  they  were  not 
discovered,  or,  at  all  events,  taken  any  notice  of,^  until  long  after 
the  principle  of  classification  in  question  was  established.  Their 
discovery  would  not  necessarily  interfere  with  the  classification  of 
the  living  Polyzoa,  as  the  living  forms  classed  as  CydostamcUa  are 
generally  sufficiently  distinguished  by  their  calcareous  constituency, 
and  the  simple  tubular  shape  of  their  characteristic  cells,  from  most, 
if  not  all,  of  the  living  families  classed  as  Cheiloatomata ;  but  it 
does  directly  chdlenge  the  soundness  of  the  principle  on  which  this 
division  is  based. 

This  definition  of  the  Cyclostomata  can  only  be  reconciled  with 
the  existence  of  these  operculoid  featui*es  in  the  DiastoporidcBt  if, 
notwithstanding  their  apparent  homology  with  the  opercula  of  the 
Cheiloatomata,  these  lids  have  really  some  function  and  raiaon-d^Stre 
altogether  difiFerent.,  But,  if  we  refer  to  Professor  Busk's  and  Mr. 
Hincks^s  account  of  the  recent  DicLaioporida^  we  shall  see  that  they 
offer  no  satisfactory  reasons  whatever  for  distinguishing  these  lids 
from  the  opercula  of  the  Cheiloatomata, 

In  his  description  of  Dtaatopora  patina,^  Professor  Busk  thus 
refers  to  the  two  kinds  of  cells  presented  by  this  form :  "  Central 
cells  immersed,  and  usually  closed,  marginal  ones  erect  and  open.*' 
As  to  the  nature  of  the  lids  by  which  the  central  cells  are  closed, 
Professor  Busk  offers  no  suggestion. 

In  his  account  of  the  same  species,  Mr.  Hincks  thus  describes  the 
cells  :  "  ZocBcia  stout,  minutely  punctate,  crowded ;  in  the  central 
portion  of  the  colony  immei*sed  and  closed,  disposed  in  radiating 
lines  ;  towards  the  margin  usually  erect,  open ;  onfice  in  the  central 
cells  sub-elliptical,  plain ;  in  the  marginal  cells,  sub-orbicular."*  As 
to  the  closed  cells,  Mr.  Hincks  observes:  "It  is  difficult  to  deter- 
mine what  is  the  precise  function  of  the  closed  cells  which  occur  in 
such  numbers  in  every  colony.  Smitt  has  suggested  that  they  may 
bo  connected  with  the  production  of  spermatozoa,  and  notes  that  in 
Tabidipora  patina  there  is  sometimes  a  small  tubular  opening  in  the 
cap  or  operculum  analogous  to  the  projecting  process  in  Diaatopora 
Snrnienaia.  It  may  be  objected  to  this  view  that  the  closed  cells 
are  so  numerous  as  to  be  out  of  all  proportion  to  the  function  assigned 
to  them,  but  it  would  be  difficult  to  suggest  a  better  interpretation, 
and  it  will  do  good  service  by  giving  direction  to  inquiry.'*' 

In  his  account  of  D.  Samienaia,  Mr.  Hincks  thus  describes  the 
cells  :  *'  Zooecia  stout,  generally  free  and  sub-erect  for  a  considerable 
portion  of  their  length ;  orifice  elliptical,  occasionally  closed  by  an 
operculum^  from  the  upper  part  of  which  a  small  tube  projects.'*  *  As 
to  the  operculate  cells,  he  says  :  **  The  precise  significance  of  the 
zooecia  (some  of  which  are  to  be  met  with  in  each  colony),  which  are 
operculate  and  furnished  with  a  small  tubular  process  at  the  top,  is 
unknown.     They  have  been  conceived  to  be  subservient  to  repro- 

*  Catalog:ue  of  the  Cyclostomatous  Polyzoa  in  the  British  Museum. 

2  British  Marine  Polyzoa,  p.  458. 

8  md.  p.  460.  *  Ibid.  p.  463. 
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duction,  and  to  be  equivalent  to  ovicells,  but  D.  Samtensis  is  provided 
abundantly  with  ooecia  of  the  usual  character,  a  fact  which  must  throw 
doubt  on  this  interpretation.'*^  It  is  to  be  observed  that  in  this 
passage  Mr.  Hincks  has  not  hesitated  to  adopt  Smitt*s  term  ''  oper- 
culsB  "  as  applicable  to  the  lids  which  appear  iu  this  species  of 
Diasiopora. 

Mr.  Hincks's  description  of  the  cells  in  the  common  form  D.  oheJia 
is  as  follows:  ** Zooecia moderately  slender,  minutely  punctate;  surface 
flattened,  usually  with  only  a  short  portion  of  the  anterior  extremity 
free  and   sub-erect  orifice  sub-circular."'    To  this  he  adds  in  his 
farther  remarks  on  the  species :  *'  In  some  cases  many  of  the  cells 
&re  closed  at  the  top,  but  they  are  never  furnished  with  the  tubular 
process  which  occurs  in  D,  Sai*ntew«f«."   With  reference  to  this  tubular 
process  in  the  opercula  of  D.  Samtensis,  Mr.  Hincks  has  this  imix>r- 
tant  note :  ''  Busk  mentions  a  minute  central  perforation  as  occurring 
in  the  calcareous  lid  with  which  the  cells  are  furnished  in  Mesenteric 
pofo."'     Now  it  so  happens  that  Mesenteripwa,  Blainvillo  and  Busk, 
is  one  of  the  generic  names  given  to  some  of  these  very  Escharoid 
forms,  the  character  of  which  we  are  discussing.     I  shall  not  com- 
plicate my  argument  by  suggesting  any  theory  as  to  the  "central 
boles,"  nor  as  to  the  **  tubular  processes."     But  the  apparent  con- 
nexion   between  these  features   furnishes   further  evidence  of  the 
connexion  between  the  '^  calcareous  lids  "  of  the  Oolitic  Escharoids 
and  the  "  opercula  "  of  D.  Samiensis. 

These  passages  show  conclusively  that  the  coonoecia  of  the  Diasto- 
porida  contain  cells  closed  with  lids  of  some  kind,  while  they  su<;gest 
no  better  ground  for  distinguishing  them  from  the  opercula  of  the 
Cheilostomata,  than  Jules  Haime  did  for  rejecting  D'Orbigny's  view 
as  to  the  opercula  of  the  Eleida.  The  only  grounds  which  appear 
to  have  been  suggested  are  that  the  cells  in  which  they  are  seen  are 
different  from  the  cells  occupied  by  the  living  zoids ;  or  that  the  lids 
themselves  show  evidence  of  being  fixed,  and  so  not  usable  as  oper- 
cula. But  Mr.  Hincks  evidently  failed  to  satisfy  himself  that  the 
cells  in  which  they  appear  had  any  different  character  or  function 
from  those  in  which  they  do  not  appear.  As  to  the  suggestion  that 
they  are  "doors  "  which  did  not  open,  the  number  of  the  closed  cells 
in  many  cceuoecia  is  altogether  opposed  to  the  view  that  they  are  only 
the  fixed  coverings  of  abortive  cells.  That  these  lids  should  become 
thicker  and  more  calcareous  with  age,  and  remain  permanently  fixed 
after  the  absoiption  of  the  zoid,  would  be  quite  consistent  with  their 
liaving  been  movable  during  its  life. 

Tlie  shape  and  position  of  these  lids  in  the  orifices  of  the  shell  is 
identical  with  that  of  the  opercula  in  some  of  the  recognized  Cheilo- 
fitomatous  forms.  It  appears  from  Mr.  Waters'  account  of  the  opercula 
of  the  Lepralida  that  the  greatest  vanety  exists  in  this  single  group 
in  the  form  and  position  of  the  operculum,  and  as  to  the  mode  in 
which  it  is  attached  and  moved.  1'lie  more  perfect  arrangement  of 
a  door  or  shutter  fitted  to  the  outside  rim  of  the  orifice  by  a  visible 
liinge  and  muscle,  is  by  no  means  universal.  In  some  cases  the 
^  Ibid.  p.  464.  »  lOid,  p.  462.  3  Ibid.  p.  460. 
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operculum  is  said  to  be  attached  to  the  cell  wall  merely  by  a  portion 
of  its  own  membrane  remaining  fixed,  and  in  some  cases  the  oper- 
culum is  placed  in  the  interior  of  the  cell, ''  deep  down  in  the  throat." ' 

It  is  evident  from  this  account  of  the  different  character  of  the 
0})ercula  in  the  Lepralida  that  the  question  whether  these  lids  in 
IHastopora  are  or  are  not  true  opercula,  cannot  be  determined  merely 
by  the  non-detection  of  any  visible  hinge  in  the  cell  wall,  or  other 
accessory  apparatus  for  moving  them. 

While  then  these  authorities  fail  to  furnish  any  grounds  for 
denying  an  operculated  character  and  function  to  these  features,  I 
submit  that  the  consideration  of  the  mode  in  which  they  make  their 
appearance  in  the  Diastoparida  affords  as  good  evidence  of  their 
being  opercula,  as  the  conditions  in  which  they  appear  in  many 
Cheilostomatous  forms. 

I  may  mention  here  that,  though  I  wish  to  avoid  resting  my 
argument  on  any  unsupported  observations  of  my  own,  I  am  quite 
satisfied  from  examination  of  specimens  of  Alecto  granvlaia^  and 
other  living  species,  that  lids  of  the  same  character  as  those  in 
Diastopora  are  to  be  found  in  the  less  exsert  cells  of  other  tubular 
forms.  In  the  specimens  which  I  have  examined  some  of  the 
cells  are  distinctly  closed  with  transparent  lids,  while  their  previous 
existence  in  others  is  shown  by  their  remains  giving  a  jagged 
appearance  to  the  interior  edj?e  of  the  orifice.  The  cells  in  which 
they  are  present  are  only  distinguishable  from  those  in  which  they 
are  not  visible,  in  being  shorter  or  more  immersed,  and  in  having 
their  orifices  exposed  nearer  to  the  surface  of  the  coeuoecium.  Such 
observations  suggest  that  their  appearance  in  some  cells,  and  their 
absence  in  others,  depends  simply  upon  the  extent  of  the  oral 
prolongation  of  the  cell,  and  would  be  fully  explained  if  these  lids 
were  opercula.  Such  an  apparatus  would  naturally  be  placed 
immediately  above  the  zoid  when  retracted,  and  if  placed  in  such 
a  position  in  the  decumbent  and  shorter  cells,  it  would  appear  as  a  lid 
covering  the  orifice.  It  might  or  might  not  be  present  in  the  longer 
tubes ;  but  if  it  were  present  at  the  same  position  relative  to  the  zoids' 
body,  it  would  be  so  "  deep  down  in  the  throat "  as  to  be  invisible. 
I  am  indebted  to  Mr.  Waters  for  the  information  that  in  Entalo- 
phora  rvgosay  a  dendroid  form,  in  which  the  tubular  cells  are  much 
extended,  they  have  been  found  to  be  closed  internally  by  "  a  disk, 
somewhere  about  where  the  tube  goes  out  of  the  coenoecium."  This 
position  agi'ees  fully  with  that  which  the  lids  in  Diastopora  occupy 
in  the  shorter  and  decumbent  cells.  It  is  possible  that  opercula 
may  be  present  in  the  shorter  cells,  and  altogether  absent  in  those 
in  wliich  the  oral  extremity  is  prolonged.  Such  coverings  are 
clearly  not  so  much  wanted  in  long  tubular  cells  as  they  are  in  the 
shorter  cells,  where  the  proximity  of  the  orifice  to  the  body  of  the 
zoid  when  retracted  would  render  the  cell  a  very  imperfect  covering 
unless  it  was  closed  or  roofed  in.  And  it  would  appear  to  be  much 
more  reasonable  to  regard  the  opercula  as  features  common  more  or 

*  Proceedings  of  Lit.  and  Phil.  Soc.  vol.  xviii. 
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less  to  the  whole  class,  and  capable  of  being  developed  in  some 
fomi  or  other  by  any  species,  than  to  regard  such  a  mere  appendi- 
culate  organ  as  the  exclusive  property  of  one  primary  division  of 
the  class. 

In  a  specimen  of  D.  patina  which  I  have  before  me,  the  difference 
in  the  shape  of  the  closed  cells  and  those  with  open  orifices  is  very 
marked.^  The  latter  are  cylindrical  tubes  which  rise  free  from  the 
coenoecinm  at  right  angles  to  the  surface  from  which  they  spring ; 
the  former  are  decumbent,  having  their  upper  parts  only  slightly 
elevated  above  the  surface  of  the  coenoecium  in  which  the  rest  of  the 
cell  is  immersed.  The  orifices  of  the  protuberant  cells  are  simply 
the  round  extremities  of  the  tubes ;  the  orifices  of  the  decumbent 
cells  are  oval  or  elliptical. 

The  difference  in  the  shape  of  the  orifices  in  the  two  kinds  of  cells 
is  evidently  due  to  the  difference  in  the  direction  of  their  growth. 
If  a  conical  tube  is  truncated,  at  right  angles  to  its  axis,  the  section 
made  is  i-ound;  if  it  is  truncated  in  any  other  angle,  the  section 
made  is  more  or  less  elliptical,  according  to  the  angle  made  by  the 
plane  of  truncation  with  the  axis  of  the  tube.  This  pi-inciple  would 
seem  to  afford  a  sufficient  explanation  of  the  difference  in  the  shape 
of  the  orifices  in  the  erect  cells,  and  of  those  in  the  decumbent  or 
semi-erect  cells,  in  B,  patina,  and  to  be  more  or  less  illustrated  by 
the  variation  in  the  shape  of  the  orifice  in  many  other  coenoecia, 
belonging  both  to  Cyclostomatous  and  Cheilostomatous  forms. 

But  the  difference  in  the  shape  of  the  erect  and  the  decumbent 
cells  in  J9.  patina  is  the  recognized  distinction  between  the  tubular 
shape  of  the  Cyclostomatous  cell  and  the  oval  shape  of  the  Cheilo- 
stomatous cell ;  and  if  the  appearance  of  these  two  types  of  cell  form 
in  the  same  coenoecium  is  considered  in  connexion  with  the  evidence 
which  the  Oolitic  Escharoids  furnish,  first  of  a  similar  combination 
of  these  different  cell  forms  in  the  same  lamellae,  and  secondly  of 
the  gradual  disappearance  of  the  protuberant  cells,  and  the  develop- 
ment of  the  typical  cell  features  of  the  Cheilostomata  in  the  same 
group  of  forms,  the  problem  which  puzzled  the  authorities  to  whom 
I  have  referred  above  in  dealing  with  these  forms  is  solved.  The 
decumbent  cells  in  JDiastopora  may  be  regarded  as  ancestral 
Cheilostomatous  cells,  and  Diastopora  itself  as  the  parent  stock  from 
which  many,  if  not  all,  of  the  families  of  the  Chalk  and  subsequent 
periods,  grouped  as  Cheilostomata y  have  been  derived. 

In  speaking  of  the  oval  shape  as  typical  of  the  Cheilostomatous 
cell,  I  am  fully  borne  out  by  Professor  Busk's  description  of  the  two 
types  in  his  introduction  to  the  Crag  Polyzoa.  It  is,  however,  im- 
portant to  observe  that  Johnston  defines  the  cell  of  the  Celliporina 
(the  group  which  in  his  system  embraces  the  greater  portion  of  the 
Cheilostomata  of  later  systematists)  as  being  *'  oblong  or  oviform." 
He  evidently  introduced  the  term  "oblong"  to  meet  the  case  of  the 
Etcharida*,  The  principal  representative  of  this  group  among  living 
forms  is  imquestionably  Eschara  foliacea,  and  it  is  clear  that  the  cells 
in  this  form  are  rather  fusiform  and  oblong  than  oval.    The  cells  are 

*  See  Figure  8, 
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of  a  long  oval  shape  when  young,  and  they  become  oblong  iu  the 
older  or  lower  part«  of  the  lamellae  through  the  compression  of 
coenoecic  growth^  Hincks  describes  the  cells  in  this  form,  which  he 
calls  Tjepralia  foUacea,  as  **  ovate-elongate  or  rhomboid,"  and  h© 
further  says  :  '*  The  zooecia  are  liable  to  some  variation  in  form,  and 
are  often  much  elongated  and  sub-quadrangular."  The  similarity  of 
cell  form  in  some  of  the  Escharoid  JHastoporida  of  the  Oolites  to 
that  of  Eschar  a  foHacea  is  very  striking.' 

Among  the  various  modifications  which  distinguish  the  so-called 
Chetlostomota  from  the  Cyclosiomata  is  the  increased  use  of  organic 
material,  of  a  membranous  or  homy  consistency,  in  the  composition 
and  Btructure  of  the  coenoecium.  Modification  in  this  direction  is 
exhibited  in  some  species  by  the  avicularia  and  vibracula,  which 
would  appear  to  be  developed  from  the  opercula  themselves  by  a 
process  of  adaptation.'  That  the  opercula  of  the  recognized  Cheilo- 
stomatous  forms  should  be  of  a  purely  membranous  oc  homy  con- 
Btituenc3%  while  the  opercula  of  the  more  calcareous  coenoecia  of  the 
Cyclosiomata  should  be  of  a  membrano-calcareous  comi)08iiion, 
capable  of  being  preserved  in  fossil  remains,  would  be  quite  in 
accordance  with  this  change  of  character  in  the  composition  of  the 
cajncecium.  It  would  appear  that  even  in  some  of  the  Oolitic  forms, 
where  the  shape  of  the  tubular  cell  was  modified  so  as  to  present  an 
expanded  oral  extremity,  the  membrano-calcareous  integument  de- 
veloped to  cover  the  orifice  was  not  all  movable  as  an  operculum, 
but  a  small  oral  aperture  was  formed  in  the  centre,*  while  the  rest 
of  the  integument  became  an  integral  part  of  the  cell  walls. 

If  the  view  here  suggested  as  to  the  connexion  between  the 
Cheilostomatous  and  Cyolostomatous  cell  features  is  correct,  there 
can  be  no  difficulty  in  determining  the  true  morphological  and 
genealogical  position  of  the  Oolitic  Escharoids,  Jules  Haime  was 
right  in  assigning  the  whole  group  to  the  same  genus  as  Diastopora. 
D'Orbigny  was  right  in  asserting  the  existence  of  opercula  in  some 
of  these  forms.  Michelin  was  right  in  asserting  the  affinity  of 
some  of  them  to  the  Cheilostomatous  Eschara,  These  ambiguous 
Escharoid  forms,  as  represented  in  the  Oolites,  are  to  be  regarded  as 
exhibiting  complete  evidence  of  the  transformation  of  the  simple 
tubular  cell  of  the  older  forms  into  the  variegated  cell  forms  of  the 
Cheilostomata,  and  of  the  close  affinity  between  a  number  of  families 
which  has  since  been  obscured  by  divergent  development 

If  such  views  are  correct,  it  will  follow  that  the  system  of 
classification  which  is  based  on  the  sujiposed  absence  of  opercula  in 
a  primary  division  of  the  whole  class  must  be  abandoned,  and  the 
classification  so  modified  as  to  recognize  the  affinity  of  sevoml 
families  now  classed  as  members  of  distinct  orders. 

The  following  is  submitted  merely  as  a  suggestive  sketch  of  the 
genealogical  arrangement  of  certain  families  wliich  this  view  would 
authorize : — 

'  Sec  V'vr,  7.  2  CoTTimre  Fijcrs.  2,  3,  7. 

3  Hincks,  liritish  Marine  Polyzoa,  Introduction,  p.  Ixvii.  *  See  Fig.  6. 
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Race:  DIASTOPORID^. 

Families  or  genera  represented  in  the  Oolites  : 
Creeping :      Diastopora  ; 

Foliaceous  :  Bidiastopora ;  Mesentertpora,  etc. ;  J57ea  ;  JSschara. 
Dendroid  :     Cricopora  ;  Melicertites ;  Entalophora,  etc 

Familes  or  genera  represented  in  the  Chalk  and  subsequent  periods  : 
Creeping :      Diastopora  ;  iepralia,  etc. ;  CeUepora,  etc. 
Foliaceous :   Mesenteripora ;  Eschar  a,  etc. 
Dendroid  :     Entalophora  ;  Myriozowm ;   Vineidaria^  etc. 

EXPLANATION   OF  PLATE  II. 

Figures  1  to  6  are  taken  from  Oolitic  forms.     They  represent  small  portions  of 
nrface,  about  2  x  1|  mills.,  magnified  about  20  diameters, 

Fio.  1  belongs  to  an  Escharoid  form  having  a  similar  growth  to  that  of  the  liring 
Etehara  Miaeea,  Lamk.  Busk,  etc.  It  c&Telopes  large  lamellse  of  an  irregular 
rectangular  shape,  which  anastomonng  together  at  right  angles  form  hollow - 
chambered  masses  of  upwards  of  a  foot  in  dimension.  The  cell  texture  is  essen- 
tially that  of  Diastopora.  Some  of  the  cells  are  decumbent,  and  confined  within 
tile  general  surface  of  the  lamellce.  Others  hare  their  oval  extremities  protruding 
and  tubular.  The  orifices  of  the  decumbent  cells  are  generally  round  with  thick 
rims  or  peristomes.  The  specimen  figured  has  retained  too  little  of  the  original 
nrface  to  afford  much  evidence  of  opercula. 

This  species  would  probably  be  classed  by  D*Orbigny  as  a  Bidiastopora,  It  is 
Tery  like  D.  Lamourouxi  of  Haime.  The  type  is  common  in  the  Pea-grit  of 
Cleeve  Hill. 

Pio.  2  is  also  an  Inferior  Oolite  form  from  Cleeve  Hill.  I  have  identified  it  with 
a  specimen  in  the  Cambridge  Museum,  named  by  Iliiime  D.  Wrighti.  The 
specimen  figured  is  in  good  prefler\ation,  retaining  its  white  calcareous  surface,  and 
snowinjr  the  characteristic  punctation  of  the  Diaxtoporidtr  in  the  ca?na?oium,  and 
in  the  lids  which  appear  in  several  of  the  cells.  It  differs  from  Fig.  1  in  having 
the  cells  more  regularly  arranged,  and  more  evenly  laid  on  the  lamella?.  The 
orifices  are  rimmed  like  those  of  the  decumbent  cells  in  Fig.  1.  In  parts  the  cells 
show  a  slight  tendency  towards  protrusion.  The  cell  martens,  formed  by  the 
coalescence  of  adjoining  tubes,  are  seldom  very  prominent ;  but  they  appear  very 
distinctly  in  parts  where  the  surface  has  been  abraded,'  and  the  similarity  of  the 
structure  ana  arrangement  of  the  cells  to  that  of  the  living  Eschara  foliarca, 
Fig.  7  w  very  apparent.  This  form  would  probably  be  classed  as  an  HUa  by 
D'Orbigny,  and  as  Mesenttripora  by  Blainville  and  Busk. 

Fio.  3  is  also  an  Inferior  Oolite  form.  The  cells  are  all  decumbent  and  much 
depressed,  margins  ver\'  prominent  in  part«.  The  orifices  are  sunk  or  thin  rimmed. 
In  several  of  the  cells  they  are  clearly  sub -terminal,  as  in  the  tj'pical  Cheilostomatous 
cell.  In  this  specimen  the  original  punctured  surface  is  well  retained,  both  in 
the  lids  closing  the  orifices,  and  in  the  surrounding  cocnoccium.  This  form  shows  a 
further  advance  towards  the  Cheilostomatous  type,  the  tubular  shape  of  the  cells 
exhibited  in  Figs.  1  and  2  being  much  less  maintained. 

This  form  is  very  like  B.  Mettenais  of  Haime.  It  would  probably  be  classed  as 
an  EUa  by  D*Orbigny. 

Fio.  4  is  from  the  Forest-marble  beds  at  Luc  near  Caen  in  Normandy.  These  are 
the  same  In-ds  as  those  of  Ranville,  from  which  so  many  of  the  oest  specimens 
of  the  Oolitic  Polyzoa  have  b»H;n  obtained. 

In  this  form  the  modification  of  the  tubular  cell  is  carried  still  further, 
Ixingitudinal  compression,  producing  a  lateral  bulge,  has  transformed  the  tubular 
into  the  oval  shape,  while  the  regularity  with  which  the  cells  are  an-anged,  and 
the  prominence  of  their  margins,  produces  the  synniK'triral  areolation  which  is  so 
characteristic  of  the  Cheilostcmiatous  Escharoids.  The  orifices  are  round  and 
rimmed.  The  symmetrical  character  represented  in  the  figure  is  only  confined  to 
parts  of  the  coena»cium.  In  other  parts  the  shape  and  arrangement  of  the  cells  is 
sufficiently  irregular  to  show  its  affinity  to  Diastopora, 
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I  have  little  doubt  but  that  this  form  is  the  Eachara  RanviUiana  of  Michelin.  In 
his  figure  the  areolation  is  slightly  more  angular  than  in  the  part  shown  in  the 
figure.  Jules  Ilaime  has  classed  a  somewhat  similar  form  as  2>.  lameUan, 
D'Orbigny^s  Eichara  or  Elea  trianguUrU  is  eridently  a  very  similar  form. 

Fig.  5  belongs  to  a  group  of  dendroid  forms  very  abundant  in  the  Oolites.  The 
specimen  m)m  which  the  figure  is  taken  is  probably  Spiropora  eoipitota  of 
Haime.  The  group  bears  several  other  generic  names,  such  as  Cricuporu^ 
Jnirieariaj  Entfhphora,  Idmonea,  etc.  The  shape  and  character  of  the  cell  varies 
much  in  the  same  casnoDcium  or  plant.  The  change  from  the  tubular  to  the 
Cheilostomatous  type  is  exhibited  in  this  group  by  the  same  gradation  of  shape  as  in 
the  Eschoroids,  but  the  variety  of  shape  assumed  is  diiferent.  In  nuiny  of  the 
specimens  the  punctured  surface  of  the  cocnoecium  and  cell  lids  is  well  preserved. 

Fio.  6  is  taken  from  another  dendroid  form,  which  exhibits  an  extreme  modifi- 
cation of  the  tubular  cell.  Its  peculiar  character  is  evidently  due  to  the  cells 
growing  almost  at  right  angles  from  the  centre  to  the  surface  of  the  stem,  and 
expanding  as  they  grow.  This  mode  of  growth  produces  a  very  enlarged  orifice, 
too  large  to  be  covered  by  an  ordinary  operculum.  It  is  accordingly  covered  with 
a  fixed  membrane -calcareous  integimient,  in  the  centre  of  which  a  small  secondary 
orifice  is  provided. 

This  specimen  is  from  the  Inferior  Oolite  beds  at  Arromanches,  in  Normandy.  It 
would  apparently  be  classed  as  a  Lateroeea  by  D^Orbigny  and  as  Melieertites  or 
Eicharilea  by  other  authors;  see  Hagenow's  Salpingia.  The  cell  growth  and 
arrangmcnt  is  much  the  same  as  that  ot  Myriozoum. 

Fio.  7  is  taken  from  the  common  Eachara  foliacea  of  the  present  seas.  It  is 
drawn  to  the  same  scale  as  the  previous  figures.  The  part  sketched  has  been 
slightly  calcined  to  reduce  it  to  the  same  condition  as  the  Oolitic  specimens.  A 
comparison  of  this  figure  with  Fig.  2  shows  that  the  divergence  of  this  living 
Cheuostomatous  Eacharoid  from  the  Oolitic  Diaatoporida  is  very  slight.  The 
punctation  or  perforation  of  the  cccncocium  is  coarser.  The  orifices  are  sunk,  and 
the  opercula  have  too  little  calcareous  matter  in  their  composition  to  retain  their 
shape  when  burnt  The  cells  are  shorter,  but  their  narrow  oblong  shape  is  very 
visible  when  the  surface  is  removed. 

Fio.  8  represents  a  portion  of  the  coenoDcium  of  a  recent  J),  patina.  Busk. 
It  shows  a  striking  difference  in  the  character  of  the  central  decumbent  cells  and 
that  of  the  protuberant  cells,  which  generally  rise  from  the  margin  of  these 
cocncecia.  The  punctation  of  the  older  opercula  in  this  form  h  identical  with  that 
of  the  Oolitic  forms  figured  above.  The  orifices  in  the  decumbent  cells  are  all 
elliptical  and  closed ;  those  in  the  protuberant  cells  are  round  and  open. 


V. — Notice  op  New  Fish  Remains  from  the  Blackband  Ibon^ 
STONE  OF  Borough  Lke  near  Edinburqh. 

By  Dr.  R.  H.  Traquair,  F.G.S. 

THE  Blackband  Ironstone,  at  present  extensively  wrought  at 
Borough  Lee,  Dry  den  Vale,  about  5  J  miles  to  the  south-east 
of  Edinburgh,  is  a  member  of  the  Middle  Division  of  the  Carboni- 
ferous Limestone  Series.  It  abounds  in  fish  remains,  most  of  thera 
unfortunately  in  a  fragmentary  and  scattered  condition,  nevertheless 
many  of  these  are  clenrly  new  to  science.  Such  of  these  new  forms 
as  are  most  distinctly  marked  I  propose  to  notice  in  the  present 
communication  :  the  list  will,  however,  doubtless  be  considerably 
extended  by  additional  patient  researcli,  and  wo  may  also  hope,  that 
some  further  liglit  will  be  thrown  on  the  fishes,  to  which  some  of 
these  fragments  belonged. 
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The  following  is  a  list  of  the  fish  remains  from  this  ironstone  which  have  as  yet 
come  under  my  notice. 


SSLACHn. 

OffracoMthus  tuberculatus,  Ag. 
Tristiekius  arcuatust  Ag. 
CUnoptychius  peetinatus,  Ag. 
Cladodua  bieuspuiatuSt  n.sp. 
Offnapoditut  erenulatvs,  n.g.  and  sp. 
PUurtuunthtu  eUgan.%  n.sp. 
Diplodus  parvulus,  n.sp. 
Euetenitts  elegans.  n.g.  and  sp. 

DiPNOIt 

Ctenodu8  angvMulus^  n.sp. 
,  sp.  indet. 


Ganoidbl 
AcanthodeSt  sp. 
Coef acanthus  gtriatus^  n.sp. 
Bhizodus  Hihberti,  Ag.  sp. 
Nematoptychiu*  Oreenockii,  Ag.  sp. 
Elonichthjfs  JRobisonit  Ag.  var. 
Eloniehihys^  sp. 
Gonatodus  macrolepis^  Traq. 
Gonatodus,  sp. 
Ganopristodus  splendenSf  n.g.  and  sp. 


SiBLAcdii. — Cladodus  htcusptdatuSf  n.sp. 

Usoal  length  of  tooth  from  |  4o  }  inch :  a  fragment  shows  that  occasionally  a 
liiger  size  was  attained.  Base  narrow,  slightly  rem^orm,  gently  convex  behind,  and 
slightiy  notched  in  front  at  the  base  of  the  principal  cone.  Principal  or  median 
cusp  or  cone  varying  much  in  slendemess,  smooth,  polished,  acutely  pointed,  sharply 
eannated  on  both  sides  from  its  origin,  more  or  less  flexed  backwards,  and  sometimes 
also  inclined  to  one  side ;  close  to  its  origin  in  front  a  shallow  concavity  or  groove 
appears  passing  into  the  notch  on  the  anterior  margin  of  the  base.  Sometimes  only 
one  cusp  is  present,  more  usually  a  single  erect  lateral  denticle  is  found,  about  J  to  ^ 
the  height  of  the  median  cusp,  but  in  no  instance  is  tlus  balanced  by  one  on  the 
opposite  side.     In  one  case  the  two  cusps  are  nearly  exactly  of  the  same  size. 

I  have  now  upwards  of  thirty  of  these  teeth  before  me,  all  of  which  display  the 
nme  essential  characters,  though  there  is  a  wide  range  of  variation  as  regards  the 
slendemessy  straightness,  and  relative  size  of  the  two  cusps.  Two  specimens  show 
each  a  cluster  of  teeth  lying  amid  remains  of  the  calcifiea  cranial  cartilage,  and  in 
one  of  these  specimens,  two  teeth  remain  in  their  original  relative  position,  one 
behind  the  other.  It  most  nearly  resembles  C.  Pattersoniy  of  Newberry,  but  may  at 
once  be  distinguished  by  its  two  nearly  parallel  cones,  of  which  the  large  one  at  hmst 
is  trenchant  to  its  orijnn.  Rejjardin":  C.  Pattersoni.  Professor  Newberry  also  states 
that  **the  teeth  are  placed  in  quincunx  order  instead  of  forming  antero -posterior 
rows  as  in  most  of  our  sharks.'* 

Cynopodius  crentdattiSf  n.g.  and  sp* 

Peculiar  spoon -shaped  bodies  vaf}ing  in  length  from  half  to  one  inch,  and  pre- 
sentini,'  a  sh-nder,  straight,  or  slightly  curved  siibeylindrical  stalk,  expanding  at  one 
wtrcmity  into  a  flattened,  rounded,*or  obtuselv  Hexagonal  spatuliform  piece.  The 
si»tulifonn  extremity  is  apparently  covered  with  a  thin  layer  of  ganoine,  which  in 
one  a.spect  (anterior)  extends  on  to  the  stalk  for  about  oue-thinl  to  one-half  its 
leDi.'th.  terminating  behind  in  a  point.  Latenilly  and  anteriorly  the  margins  of  this 
expanded  portion  are  coarsely  not<;hed  or  crenulated,  and  from  between  tlie  crenula- 
tioos  little  grooves  converge  inwards  over  the  surface  towards  the  origin  of  the  stalk. 
The  stalk  iteelf  beyond  the  ganoid  portion,  which  is  very  distinctly  marked  off,  is 
n>ugh  and  was  evidently  imbedded.  The  other  side  (posterior),  rarely  seen,  is  flatter, 
the  spatuliform  extremity  is  also  marked  with  converging  grooves,  but  the  ganoid 
character  of  the  surface  scarcely  extends  on  to  the  stalk.  The  stalk  itself  shows 
in  different  specimens  considerabfe  variations  in  its  length,  and  also  in  its  form,  some- 
times it  Is  flattened  on  both  aspects,  sometimes  obtasely  carinated  in  front,  and  in 
ino!«t  ca^es  it  shows  a  slight  curvature,  the  convexity  being  anterior. 

The  microscopic  structure  strongly  reminds  us  of  Ctenopty chins  pectiuatu^^ — as 
in  that  form,  in  spite  of  the  external  appearance  of  a  ganoid  layer  upon  the  free 
eitremity,  no  such  distinct  layer  is  detectaole  in  thin  sections. 

Whetfier  these  singular  bodies  are  teeth,  or  dermal  appendages,  it  is  hard  to  say. 
At  all  events  they  seem  to  be  selacliian  in  their  natun;,  and  their  resemblance  to 
Ctmoptychim  peclinatfut^  Ag.,  which  Messrs.  Hancock  and  Atthey  consid(Ted  as 
probably  belonging  to  the  latter  categor)',  is  sufficiently  obvious.  The  name  Cynopodius 
is  given  in  allusion  to  the  manner  in  which  the  form  of  these  bodies  reminds  us  to 
some  extent  of  the  fore  leg  and  paw  of  a  dog. 
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Pleuracanthus  elegans,  n.sp. 

Length  of  a  perfect  specimen  2^  inches ;  straight,  tapering,  finely  striated  at  the 
base,  smooth  and  polished  towaros  the  extremity,  a  well-marked  delicate  groove 
running  however  along  the  whole  length  on  each  side  close  to  the  origin  of  the 
dcutick^.  Denticles  26  on  each  side  in  two  opposite  rows,  extending  more  than  two- 
tliirds  the  length  of  the  spine,  rather  delicate,  very  oblique,  with  long  flattened  bases 
and  ganoid  rounded-conical  tips. 

Tlie  above  described  pretty  little  spine  was  lent  to  me  by  my  friend  Mr  Robert 
Kidston  ;  and  in  my  own  collection  are  two  others,  of  which  one,  nearly  entire,  would 
be  originally  of  the  same  size,  and  corresponds  closely  in  external  charaptezs,  while  the 
otluT  is  a  fragment  of  a  somewhat  larger  spine,  and  has  the  denticles  somewhat  more 
closely  placed,  or  with  relatively  shorter  bases. 

Diplodus  parvuluSf  n.sp. 

Although  there  is  no  doubt  that  the  teeth  of  Heuraranthus  were  genenllj  identical 
with  those  known  us  DiploduSy  and  although  the  common  Coal-measure  Diptudttt 
y^hhosus  probably  belonged  to  the  same  species  as  bore  the  spine  known  as 
rUu meant hu8  Itevitsitnus^  nevertheless  so  long  as  these  remains  occur  in  so  scattered 
a  condition  there  must  be  insuperable  difficulties  as  to  accurately  determining  the  spines 
and  teeth  which  ought  respectively  to  be  classed  together  as  oelongine  to  the  same 
species.  Both  generic  names  must  therefore  I  fear  continue  to  be  used  for  some  time 
to  come,  and  as  regards  the  Diplodus  now  to  be  described,  though  it  may  very  possibly 
belong  to  the  same  fish  as  J^lfuracanthua  elegausy  we  have  no  evidence  oi  the  fact 
beyond  their  occurrence  in  the  same  beds.  Height  from  base  to  apex  o$  cusps 
J  to  I  inch.  Base  rounded,  thick  and  high  in  front,  thin  behind,  concave  below, 
with  a  knob  or  pominence  at  the  anterior  margin,  and  showing  on  the  upper 
surface  a  roundea  flattened  boss  behind  the  origin  of  the  cusps.  Anterior  surface 
ot  base  smooth,  rounded,  developing  a  more  or  less  distinct  carina,  which  ends 
above  on  a  small  boss  or  knob  between  the  cusps  ;  this  knob  being  usually  divided 
or  notched  into  several  minute  rounded  lobules,  but  there  is  no  median  cusp  or 
denticle.  Cusps  two  in  number,  strong,  conical,  diverging  from  each  other,  and  also 
bent  more  or  less  backwards,  carinated  or  trenchant  on  each  side,  and  frequently 
showing  towards  their  apices  a  few  additional  and  fainter  carina)  or  ridges,  bott 
on  their  anterior  and  posterior  surfaces.  Very  frequently  one  cusp  is  somewhat 
lonj^^r  than  the  other. 

This  small  Diplodus  is  easily  distinguished  from  D.  gibbosus  by  having  between 
the  cusps  in  front  a  small  blunt  lobulatcd  boss,  instead  of  a  large  pomted  denticle.  I 
have  at  present  more  than  forty  of  these  little  toeth  before  me  collected  at  different 
times,  all  of  which  agree  in  this  prominent  character,  jnd  differ  only  in  trivial  matters 
of  detail,  such  as  the  relative  prominence  of  the  carina  of  the  anterior  surface,  which 
indeed  is  sometimes  obsolete. 

Euctenins  elegans^  n.g.  and  sp. 

Tooth  (?)  }  inch  in  length  by  J  in  depth,  somewhat  elliptical  in  shape,  convex  on 
one  surface,  concave  on  the  otlier,  with  one  margin  nearly  straight  or  with  a  slight 
signioidal  curvature,  the  opposite  margin  evenly  convex,  one  extremit\''  rounded,  the 
other  narrowing  to  a  point.  The  convex  margin  is  divided  in  a  corao-like  manner 
into  a  series  of  closely  placed  acutely  pointed  denticles,  fifteen  to  seventeen  in  number, 
and  obliquely  directed  from  the  rounded  towards  the  pointed  extremitj'  of  the  fossil. 
Counting  from  the  former  extremity,  where  they  are  verj'  short,  the  denticles  gradually 
increase  in  length  to  the  thirteenth,  which  measures  -^g  inch,  whence  they  again 
diminish.     Surface  smooth. 

Dipnoi. — Ctenodna  angnstulvs,  n.sp. 

ralato])ter}goid  bone  about  -j'V  iuch  in  length,  dental  plate  yery  narrow,  benring 
three,  sometimes  four,  closely  placed  ridges,  all  ])assing  forwards  and  slightly  diver- 
gent or  radiating  from  behind.  Inner  ridge  longest,  the  succeeding  ones  becoming 
surcesMvely  shorter  ;  all  are  divided  throughout  their  whole  length  into  small  bluntly 
poiuti  d  conical  dental  tubercles,  and  covered  with  a  brilliant  layer  of  ganoine.  No 
mjindihular  teeth  have  occurred. 

01  this,  minute  and  peculiar  form  of  CUfiodus  I  have  at  present  five  specimens,  all 
of  nearly  the  same  size.      It  is  easily  distinguished  from  any  known  species  of 
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Ctenodiu  (as  well  as  of  Bipterus)  by  the  narrowness  of  the  palatal  dental  plate  and 
the  small  nnmber  and  slight  divergence  of  the  radiating  denticulated  ridges. 

Another  species  of  Ctenodus  represented  in  my  collection  by  a  broken  palatal  tooth- 
plate  of  considerably  larger  size  occurs  also  at  borough  Lee.  So  far  as  the  specimen 
pes,  it  shows  some  resemblance  to  C.  obliquus,  Hancock  and  Atthey,  but  it  is  too  im- 
perfect for  accurate  identification.  Ribs,  apparently  of  Cieiiodus,  are  also  not 
uncommon. 

Ganoidei. — CcelacantJitu  stria  ttu,  n.8p. 

Scales  about  \  inch  in  diameter,  rounded,  thin,  infenorly  smooth,  and  showing 
externally  a  posterior  free  sculptured  area,  of  about  ^  the  extent  of  the  whole  surface. 
The  ornament  of  this  area  consists  of  fine  closely  set  rounded  ridges  sometimes  bifur- 
cating and  intercalated,  sub-parallel  and  slightly  wavy,  proceeding  longitudinally 
to  the  posterior  margin  without  convergence,  indeed  on  the  other  hand  sometimes 
diverging  in  their  progress. 

\o  remains  of  this  species  have  occurred  but  the  scales,  which  are,  however,  very 
distinct  in  their  markings,  the  striae  of  the  free  surface  showing  no  tendency  either 
to  concentric  arrangement  or  to  convergence  towards  and  round  the  middle  line. 

Qanofrisiodus  splendensy  n.g.  and  sp. 

Fragments  of  flat  dentigerous  bones,  varying  in  size  from  a  few  lines  up  to  1|  inch 
in  length  and  J  inch  in  depth.  On  one  margin  is  a  row  of  peculiar  teeth,  low, 
laterally  flattened,  anteriorly  and  posteriorly  trenchant,  confluent  at  the  base  with 
each  other,  and  With  the  substance  of  the  bone  which  Carries  them,  and  covered  ii^ith 
a  brilliant  layer  of  ganoine,  which  extends  along  their  bases,  and  is  then  thrown  into 
delicate  wavy  folds — ^longitudinal  in  direction  or  sometimes  forming  little  waves  round 
the  base  of  each  tooth.  Each  tooth,  moreover,  besides  its  median  bluntly  conii'iil 
pomt,  has  its  anterior  and  posterior  trenchant  edges  in  most  cases  each  serrated  with  a 
ooople  of  secondary  denticulations»  In  some  instances  the  portion  of  bone  which 
nems  to  have  looked  towards  the  cavity  of  the  mouth,  shows  some  small  rounded 
tabercles  or  granulations. 

These  singular  jaw-fragments  fonn  a  complete  puzzle,  and  though  we  may  safely 
believe  them  to  be  piscine  in  their  nature,  I  mu«t  coulVss  thut  1  have  not  the  slightest 
idea  of  the  fish  to  which  they  belonged.  Unlortuuatelv  the  numbtr  ut  specimens, 
which  I  have  obtained,  is  as  yet  so  tVw,  that  I  have  not  been  able  to  subjt'ct  any  of 
them  to  microscopic  examination,  but  their  external  characters  are  so  striking  as  to 
justify  their  receiving  a  name,  and  bein«r  placed  provisionally  among  the  Ganoidei. 


L— Der  ^tna.  Nach  den  Manuscripten  des  verstokbenek  Dr. 
W.  Sartorius  VON  Waltersiiauskn,  v.  Dr.  Arnold  von  Lasaulx. 
P-  Band.     Leipzig,  1880. 

DR.  A.  VON  LASAULX  has  undertaken  the  laborious,  but  grate- 
ful, task  of  publishing  the  observations  left  in  manuscript 
of  the  Baron  von  Waltershausen,  who  died  in  187G,  and  left  behind  a 
large  mass  of  materials  regarding  the  past  history  and  present 
structure  of  iEtna,  collected  during  no  less  than  ten  different  visits 
made  to  Sicily  between  the  years  18.34—69.  This  labour  of  lovo 
could  not  have  fallen  into  better  hands  ;  and  in  the  volume  before  us, 
which  is  to  be  followed  by  another,  we  have  an  example  of  the 
highest  act  of  friendship  which  a  surviving  friend  and  fellow -worker 
can  perform  for  one  who  has  passed  away  ere  his  own  work  has 
been  completed. 

In  the  volume  before  us,  we  have  an  account  of  Sartorius  von 
Waltershausen's  journeys  to  Sicily,  the  (►bservations  he  was  enabled 
to  make  on  the  volcanic  region  during  many  days  devoted  to  his 
task,  and  these  observations  are  accompanied  by  an  exquisitely 
executed  map  on  a  scale  of  jo~uK-uu^^*  reduced  from  the  latgev  di^tt* 
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constructed  by  Waltershausen  himself.  The  work  is  also  embellished 
by  14  large  copper-plate  engravings,  giving  striking  views  of  ^tna, 
and  its  sections,  besides  numerous  smaller  woodcuts  illustrating 
various  topics  connected  with  the  subject  A  portrait  of  Walters- 
hausen forms  an  appropriate  frontispiece  to  the  volume.  We  feel 
sure  that  all  students  of  Vulcanicity  will  welcome  a  work  which, 
after  Vesuvius,  deals  in  an  exhaustive  manner  with  the  most  re- 
markable volcano  in  Europe. 

Since  the  above  was  in  type  the  second  volume  has  come  to  hand — 
not  less  elaborate  than  the  first.  In  this  the  authors  deal  with  the 
geological  structure  of  the  region  around  -^tna,  beginning  with  the 
old  gneissose  rocks  which  are  the  foundation  for  all  the  othei*8,  and 
then  pass  on  to  the  consideration  of  those  of  Jurassic.  Cretaceous, 
Tertiary  and  Quaternary  age.  The  gradual  unfolding  of  the 
volcanic  history  of  the  region,  from  the  time  of  the  oldest  basalts 
which  break  through  the  Cretaceous  beds,  down  to  the  most  recent 
lavas,  is  described  and  illustrated  by  drawings,  and  maps.  Chapters 
on  the  mineral  products  of  iGtna  form  an  appropriate  conclusion  to 
the  volume.  The  map  of  the  Valle  del  Bove  on  a  scale  of  tt^jt  is 
an  admirable  example  of  topographical  portraiture.  E.  H. 

II. — ^Dickens's  Diotionart  of  the  Thames.     London,  1880. 

16mo.  pp.  268.     Price  1«. 

TO  this  "  unconventional  handbook,"  Mr.  Whitaker  has  contributed 
an  essay  on  the  Geology  of  the  Valley  of  the  Thames,  which 
occupies  a  little  over  four  pages  of  closely  printed  type.  Dividing 
the  area  (for  convenience  of  description)  into  three  parts,  he  first 
gives  an  account  of  the  formations  exposed  along  the  course  of  the 
river,  and  then  points  out  the  leading  features  in  the  geology  of 
(1)  the  Upper  Thames,  to  a  little  below  Wallingford  ;  (2)  the  Middle 
Thames,  from  near  Wallingford  to  Hichmond  ;  and  (3)  of  the  Lower 
Thames,  below  Richmond.  The  influence  of  the  geology  on  the 
scenery  is  noted  by  the  way.  Thus  the  several  divisions  of  the 
Oolites,  of  the  Cretaceous  Series,  of  Older  Tertiaries,  Drift  and 
Alluvium,  are  described.  Only  in  connexion  with  the  Drift  of 
Glacial  age  do  we  meet  with  matters  of  dispute  among  geologists ; 
but  concerning  this  there  is  great  variety  of  opinion,  and  some  ex- 
tensive patches  of  gravel  in  the  area  are  left  as  of  uncertain  age. 
Speculations  on  the  origin  of  the  Boulder-clay  are  alluded  to,  but 
Mr.  Whitaker  contents  himself  with  mentioning  them  without  lend- 
ing the  weight  of  his  own  opinion  to  any  particular  explanation. 
The  great  deposits  of  brickearth  and  gravel  which  in  the  Lower 
Thames  Valley,  more  particularly,  have  yielded  so  many  remains  of 
large  mammalia,  are  classed  as  Post-Glacial,  in  the  sense  of  their 
being  newer  than  the  Boulder-clay  (usually  known  as  the  Chalky 
Boulder-clay),  which  is  only  found  on  the  heights  bordering  the 
northern  margin  of  the  valley,  and  not  in  it. 

As  pointed  out  by  Mr.  Whitaker,  these  Post-Glacial  beds  constitute 
the  most  important  division  of  the  drift,  as  far  as  the  Thames  Valley 
is  concerned,  and  he  gives  an  interesting  sketch  of  their  method  of 
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formation.  Conclading  with  some  remarks  on  the  origin  of  the 
Valley,  he  observes  that  it  has  been  made  by  the  slow,  long-continued 
ceaseless  action  of  the  river,  whose  original  course  may  in  the  first 
instance  have  been  directed  here  and  there  by  disturbances.  Some 
signs  of  disturbance  are  pointed  out  as  occurring  near  Wallingford, 
where  the  river  cuts  through  the  great  Chalk  range,  and  again  from 
Greenwich  to  Erith  a  fault  may  have  greatly  aided  the  erosive 
action  of  the  old  river.  We  miss  a  reference  to  the  view  advocated 
by  Prof.  Ramsay  of  the  original  extension  of  the  Chalk  and  the  river 
catting  its  way  down  before  the  escarpment  was  formed,  this  being 
the  only  plausible  explanation  of  the  breaching  of  the  Chalk-range. 
Reference  might  also  have  been  made  to  Phillips'  "Geology  of 
Oxford  and  the  Valley  of  the  Thames,"  and,  without  overstepping 
the  bounds  of  modesty,  to  his  own  "  Geology  of  the  London  Basin," 
as  the  two  works  dealing  specially  with  the  Geology  of  the  area, 
and  to  which  the  anxious  inquirer  might  go  for  further  information. 


III. — Thb  Geologioal  Survey. 

IlHE  attention  of  the  public  has  recently  been  drawn  to  the  state 
of  the  Geological  Survey  of  the  United  Kingdom,  by  questions 
atiked  in  both  Houses  of  Parliament 

Thus,  in  the  House  of  Commons  on  July  12th,  Mr.  Adam,  reply- 
iig  to  several  members  who  urged  the  Government  to  do  what  they 
ooald  to  push  on  the  Geological  Survey,  said  that  the  Directors  of 
the  Survey  had  laid  before  him  a  plan  by  which  he  hoped  it  could 
be  accelerated  considerably,  and  completed  in  1890.  He  added  that 
if  the  House  wanted  the  Survey  to  be  pushed  on  more  rapidly,  they 
must  vote  more  money.  A  few  days  afterwards,  in  replying  to  a 
que^stion  asked  in  the  House  of  Lords,  Earl  Spencer  was  unable  to 
state  the  exact  date  at  which  the  Geological  Survey  could  be  finished. 
He  observed,  however,  that  it  "  would  hold  its  own  against  that  of 
any  other  country  in  the  world,"  and  that  "  one  cause  of  the  delay 
in  the  progress  of  the  Survey  was  the  advance  which  was  being 
made  in  the  science  of  geology." 

These  statements  were  preceded  by  the  publication  in  the  Times 
newspaper  of  a  letter  from  an  "Observer,"  who  complained  in  bitter 
tones  of  the  cost  of  the  Survey,  and  at  the  time  taken  in  its  com- 
pletion. The  letter,  however  well-meant  and  disinterested,  was 
calculated  not  merely  to  prove  prejudicial  to  the  Survey,  but  to  the 
objects  which  the  Survey  is  intended  to  serve.  Had  *'  Observer  " 
taken  the  trouble  to  inquire  into  the  reason  of  the  facts  which  he 
pointed  out,  he  must  have  been  convinced  that  without  interest  and 
enthusiasm  in  their  work,  men  would  not  be  found  to  undertake  the 
arduous  duties  of  the  Geological  Survey  at  the  extremely  small  rate 
of  pay  granted  to  them  ; '  while  if  the  Survey  had  been  carried  on 

*  We  are  informed  on  ^ood  authoritj'  that  some  men  who  have  sen'ed  twelve  years 
on  the  Geoloj^eal  Survey  receive  only  £219  per  annum  ;  while  attached  to  the  Office 
either  of  the  Geolog-ical  Survey  or  of  Mining  liecords  is  at  least  one  who  after 
serving  over  thirty  years  leceives  no  larger  sum ;  another  who  receives  £180  after 
working  for  about  twenty  years;  and  a  third  who  receives  £175  after  a  term  of 
fourteen  years'  servitude ! 
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to  its  completion  at  the  same  rate  at  which  it  was  commeDoed,  its 
published  works  could  not  have  held  their  own  against  those  of  any 
other  country  in  the  world.  Under  the  circumstances  it  may  be  of 
some  interest  to  sketch  briefly  the  history  of  the  Survey,  and  dispel 
the  misapprehension  that  exists  in  some  minds  concerning  its  pro- 
gress. At  one  time  it  was  a  customary  thing  for  the  President  of 
the  Geological  Society  to  allude  to  the  progress  made  by  the  Survey; 
but  even  the  establishment  is  prone  to  hide  its  own  light  by  not 
advertising  it«  publications,  and  by  not  sending  copies  of  them  to 
journals,  magazines,  and  newspapers  for  review. 

A.S  early  as  1833,  De  la  Beche  had  commenced  to  colour  geologically 
some  of  the  Ordnance  Survey  sheets  of  the  south-west  of  England. 
Two  years  later,  through  his  influence,  an  application  was  made  by 
the  Master  Greneral  and  Board  of  Ordnance  for  a  government  grant 
to  combine  a  geological  examination  of  the  English  counties  with 
the  Ordnance  or  Geographical  Survey  then  in  progress.  At  the 
request  of  this  official,  Buckland,  Sedgwick,  and  Lyell  drew  up  a 
joint  report,  in  which  they  stated  their  "opinion  as  to  the  great 
advantages  which  must  accrue  from  such  an  undertaking,  not  only 
as  calculated  to  promote  geological  science,  which  would  alone  be  a 
sufficient  object,  but  also  as  a  work  of  great  practical  utility.'*  *  Thus, 
early  in  the  year  1835,  the  Geological  Survey  commenced  its  official 
existence,  and  De  la  Beche  was  chosen  to  organize  and  direct  its 
operations.  For  some  time  it  continued  to  form  a  branch  of  the 
Trigonometrical  Survey  of  Great  Britain,  of  which  Colonel  Colby 
was  Superintendent,  and  in  those  days  it  was  termed  the  *'  Ordnance 
Geological  Survey."  In  1846  its  connexion  with  the  Board  of 
Ordnance  ceased,  and  the  Geological  Survey  was  placed  "  under  the 
Direction  and  Superintendence  of  the  First  Commissioner  for  the 
time  being  of  Her  Majesty's  Woods,  Forests,  Land  Bevenues, 
Works,  and  Buildings."  On  the  formation  of  the  Department  of 
Science  and  Art  in  1854,  the  Geological  Survey  was  "consigned  to 
it,  at  first  under  the  Board  of  Trade,  and  afterwards  under  the 
Committee  of  Privy  Council  on  Education."' 

An  examination  of  the  last  issued  catalogue  of  the  Geological 
Survey  Publications  (1878)  shows  that  while  the  whole  of  Wales 
and  the  greater  part  of  England  and  Ireland  have  been  completely 
mapped,  much  of  Scotland  yet  remains  to  be  done.  Moreover,  the 
survey  of  the  Drift  or  "superficial"  deposits,  commenced  about  twelve 
years  ago,  is  not  very  far  advanced,  so  far  as  the  published  maps  are 
concerned.  In  the  earlier  surveys  these  Drift  deposits  were  entirely 
neglected,  the  so-called  "solid"  rocks  only  being  laid  down. 
Hence,  any  one  acquainted  with  geological  surveying  would  have 
been  surprised  had  the  work  advanced  more  rapidly  of  late  years, 
for  some  areas  which  on  the  old  system  might  be  mapped  in  a  few 
months,  would  with  the  Drift  Survey  take  as  many  years.  The 
Drifts  present  problems  as  difficult  to  unravel  as  do  any  of  the  older 
rocks,  while  their  varying  position,  their  constant  change  of  cha- 

^  See  Lyell's  Address  to  Geol.  Soc.  1836,  Proc.  Geol.  Soc.  vol.  ii.  p.  358. 
'  Jukes,  Address  at  the  Museum  of  Irish  Industi}',  1867. 


Heciewa — The  Oeological  Survey.  41 

racter,  and  the  absence  of  palseontological  guides,  render  their 
manifold  divisions  often  muoh  more  difficult  to  trace  out  in  the 
field.  Nor  should  their  importance  bo  under-estimated,  considering 
that  they  occupy  more  of  the  superficial  extent  of  the  country  than 
any  other  group  of  beds,  and  in  questions  of  water-supply  and 
drainage,  in  matters  relating  to  agriculture,  road-metal,  and  brick- 
earth,  they  exercise  as  much,  and  in  some^cases  more  influence  than 
do  the  older  rocks. 

Moreover,  since  the  Geological  Survey  was  commenced,  the  science 
of  geology  has  grown  very  largely,  and  the  rocks  have  been  studied 
in  much  greater  detail.  Hence  it  is  only  to  be  expected  that  the 
work  done  thirty  or  forty  years  ago  should  require  revision,  and  this 
chiefly  in  the  form  of  addition.  Fresh  subdivisions  of  the  strata 
haye  from  time  to  time  been  made ;  some  owing  to  the  labours  of 
the  Geological  Survey,  others  to  the  work  of  private  individuals. 
As  an  instance  of  the  former,  the  subdivisions  of  the  Wealden  Strata 
and  Lower  Greensand  may  be  mentioned ;  and  of  the  latter,  the 
labours  of  Hicks  on  the  older  rocks  of  South  Wales,  of  Hebert  and 
Barrois  on  the  Chalk,  of  Moore  on  the  Rh»tic  Beds,  of  All  port, 
Bonney,  and  J.  A.  Phillips,  on  Eruptive  Rocks.  These  labours  serve 
to  indicate  the  kind  of  new  work  that  may  necessitate  revision  of  the 
older  surveys. 

In  minute  investigations,  more  especially  in  the  collection  of  fossils 
from  certain  quarries'  or  zones,  the  local  or  resident  geologist  must 
always  possess  great  advantages  over  those  whose  attention  is  mainly 
given  to  tracing  the  rock-masses  or  groups  of  strata  through  large 
tracts  of  country. 

With  the  accessions  constantly  made  to  our  knowledge  of  each 
formation,  the  labours  of  the  Geological  Survey  must  ever  be  on  the 
increase  so  long  as  the  field-work  lasts.  And  in  addition  to  the 
preparation  of  maps  and  sections,  each  officer  has  the  task  of  writing 
memoirs  on  the  country  surveyed,  containing  not  only  the  informa- 
tion he  has  himself  gathered  in  the  field  and  obtained  from  well- 
sinkers,  miners,  and  others,  but  all  the  facts  which  have  been 
published  on  the  geology  of  the  district.  Those  acquainted  with  the 
literature  of  geology,  of  which  the  yearly  "  Geological  Record  '*  is 
an  almost  bewildering  illustration,  know  that  the  task  is  no  light 
one,  and  of  course  every  year  it  becomes  considerably  greater. 

Nor  must  it  be  forgotten  that  much  of  the  field-work  now-a-days 
is  done  on  the  maps  of  the  scale  of  six  inches  to  a  mile,  requiring 
far  more  minute  observation  than  the  one-inch  surveys.  Some  of  the 
maps  not  published  on  the  larger  scale  are  deposited  in  the  Geological 
Survey  Office  for  reference. 

The  importance  of  concentrating  all  the  geological  information  is 
perhaps  best  exhibited  in  the  publications  referring  to  Coal-fields. 
There  the  evidence  furnished  by  numerous  mining  operations  is 
tabulated  in  section,  to  show  the  direction  in  which  the  various  seams 
on  the  one  hand  increase  in  value  and  importance,  or  on  the  other 
hand  deteriorate  or  thin  away. 
In  the   days   of  De  la   Beche,   as  **  Observer  *'    remarks,    "  the 
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Surveyors  were  not  allowed  to  reside  long  in  the  same  locality,  but 
were  kept  actively  moving  to  and  fro,"  whereas  now  they  often  reside 
for  a  considerable  time  at  one  station. 

Writing  in  1861,  Prof.  A.  Greikie  says  :  "  At  present,  the 
Surveyors  work  singly,  each  taking  his  own  district,  but  at  the  period 
in  the  Survey's  history  to  which  reference  is  now  made  [1844],  the 
geologists  surveyed  in  parties  of  two  or  three,  or  even  nM)re.  Sir 
Henry  [De  la  Beche]  used  to  be  much  with  them,  generally  leaving 
London  about  the  1st  of  April.  Hence,  at  little  out-of-the-way 
villages,  there  would  sometimes  be  collected  half  a  dozen  stalwart 
hammerers,  who  took  up  all  the  beds  and  devoured  all  the  provisions 
the  resources  of  the  place  could  supply."  ^  When  so  many  worked 
one  district,  no  wonder  the  ground  was  somewhat  rapidly  surveyed  1 
Now  that  the  men  work  singly,  they  naturally  stay  much  longer, 
and  with  the  advantage  of  railways  (of  little  use  in  the  earlier  days 
of  the  Survey),  it  is  of  course  possible  for  them  to  remain  a  oon- 
siderable  time  at  one  station  without  detriment  to  the  Survey,  and 
considering  the  poorness  of  the  pay,  with  less  disadvantage  to 
themselves.  We  have  written  thus  much  because  "  Observer  "  should 
have  been  more  careful  to  write  in  a  spirit  of  fairness  to  those  who 
devote  their  lives  to  carry  on  the  work  of  the  Geological  Survey. 

In  reading  the  Memoirs  of  Edward  Forbes  or  of  Jukes  we  may 
glean  many  interesting  facts  concerning  life  on  the  Survey.  Knit 
together  by  a  spirit  of  good-fellowship,  the  occasional  meetings  and 
consultations  over  difficult  tracts  of  ground,  and  tlie  enthusiasm  with 
which  the  band  of  **  Eoyal  Hammerers  "  has  carried  its  operations, 
under  its  able  Directors,  over  hill  and  mountain,  across  moor  and 
vale,  seem  to  picture  a  life  of  thorough  enjoyment.  But  it  must  be 
remembered  that  carried  on  year  after  year  in  all  seasons,  often 
isolated  from  friends  and  congenial  society,  and  with  no  settled 
home,  the  Survey  presents  another  aspect  which  for  its  success 
demands  a  love  of  the  work,  and  needs  a  certain  amount  of  sympathy 
from  those  interested  in  the  science.  What  is  to  be  the  end  of  it  all  ? 
is  a  question  that  naturally  arises.  In  time  of  course  the  field- 
labours  of  the  Survey  must  become  restricted,  but  even  "  Observer  " 
says,  "The  utter  extinction  of  the  Survey  is  not  to  be  recommended, 
as  it  will  always  be  desirable  to  retain  a  small  staff  of  well- trained 
men  to  examine  and  record  the  results  of  future  geological  dis- 
coveries." Jukes  thought  that,  "  in  addition  to  the  Head  Office  in 
London,  it  will  ultimately  be  found  necessary  to  establish  Local 
Geological  Offices  for  each  of  the  districts  of  the  present  Mining 
Inspectors,  the  Resident  Geologist  of  tlie  district  working  in  com- 
bination witli  tlie  Inspector  in  the  collection  and  registration  of  all 
geological  information,  which  may  have  either  a  scientific  or  practical 
value,  and  holding  himself  ready  either  to  receive  or  impart  geological 
information  from  or  to  all  persons  who  may  be  interested  in  it."  * 

The  importance  of  some  such  plan  would  be  apparent  to  any  one 
who  would  pass  two  or  three  days  in  the  Office  or  Inquiry-room  at 

1  Memoir  of  Edward  Forbes,  pp.  377-378. 

*  Address  at  the  Museum  of  Irish  ludustr)',  1867. 
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Jermyn  Street,  where  a  number  of  individnals  present  themselves 
daily  for  the  purpose  of  obtaining  geological  information.  Among 
these  are  well-sinkers,  stone-merchants,  mine  agents,  colliery  pro- 
prietors, landowners,  parsons,  medical  officers  and  others,  and  all 
the  knowledge  possessed  is  invariably  at  the  service  of  the  seeker. 
A  man  may  come  with  a  bag  of  minerals  and  humbly  desire  their 
names,  or  he  may  bring  somewhat  furtively  from  his  pocket  a  lump 
of  iron-ore,  saying  not  whence  he  obtained  it,  and  ask  whether  it 
would  pay  for  working.  But  apart  from  such  comparatively  trivial 
matters,  information  is  more  and  more  in  request  concerning  good 
Boarces  of  water-supply  throughout  the  kingdom,  and  the  questions 
of  drainage  and  health,  upon  whioh  geology  is  calculated  to  throw  so 
moch  light,  must  continue  to  engage  public  attention. 

The  service  that  may  be  rendered  to  individuals  indirectly 
benefits  the  country  at  large.  The  money  that  has  been  wasted  in 
fruitless  trials  for  ooal  has  been  very  great,  and  the  Geological 
Survey  has  been  instrumental  in  checking  a  large  amount  of  such 
vaste,  while  at  the  same  time  it  has  indicated  many  sources  of  future 
•apply  of  mineral  wealth.  There  is,  however,  no  need  to  dwell 
upon  the  economic  applications  of  geology,  they  are  sufficiently 
well  known  if  not  always  appreciated.  Of  these  some  striking 
OloBtrations  are  given  by  Professor  Bamsay  in  his  introductory 
lecture  at  the  Government  School  of  Mines  in  1851. 


Gkologioal  Society  op  London. 

I.— November  17,  1880.— Robert  Etheridge,  Esq.,  F.R.S.,    Pre- 
w<lent,  in  the  Cliair. 

The  President  called  attention  to  the  portrait  of  Dr.  William 
Smith,  presented  to  the  Society  by  his  grand-nephew,  Mr.  W.  Smith, 
of  Cheltenham,  which  was  then  suspended  behind  the  chair,  and 
expressed  his  great  satisfaction  at  this  most  interesting  picture 
being  in  possession  of  the  Society.  The  portrait  was  painted  by  M. 
Fornu  in  1837.  A  hearty  vote  of  thanks  was  passed  for  the  same. 
The  following  communications  were  read  : — 
1.  "  On  Abnormal  Geological  Deposits  in  the  Bristol  District." 
By  Charles  Moore,  Esq.,  F.G.S. 

The  author  remarked  that  the  Frome  district  shows  numerous 
unconformable  Secondary  deposits  and  "vein-fissures  '*  resting  upon 
or  passing  down  through  the  Carboniferous  Limestone,  as  described 
in  his  former  paper  (Quart.  Journ.  Geol.  Soc.  vol.  xxiii.  p.  449). 
He  gave  some  further  particulars  as  to  these  deposits,  and  especially 
described  the  occurrence  of  Post-Pliocene,  Liassic,  and  Rhaetic 
deposits  in  the  ilficro/e«/e«-quarry  near  Shepton-Mallet.  Here  the 
lower  part  of  a  fissure  is  filled  with  a  brown  marl,  containing 
crystals  of  carbonate  of  lime,  and  numerous  remains  of  ArvicolcCj 
Frogs,  Birds,  and  Fishes.     The  jaws  of  Arvicola  were  ver^'  abundant. 
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He  then  proceeded  to  describe  the  occurrence  of  similar  phe- 
nomena in  the  Bristol  area,  as  at  Durdham  and  Clifton  Downs,  in 
the  gorge  of  the  Avon  at  Clifton,  at  Ashton  and  Westbury-on-Trym, 
in  the  slate  rock,  in  Nettlebury  quarry,  at  Clevedon,  and  on  the 
Thornbury  railway.  He  noticed  the  occurrence  in  the  infillings  of 
fissures  traversing  the  Carboniferous  Limestone  of  these  localities  of 
fossil  remains  belonging  to  various  geological  ages  ;  and  he  especially 
called  attention  to  the  presence  in  different  deposits  of  an  immense 
number  of  small  tubular  bodies  of  doubtful  origin,  for  which,  should 
the}'  prove  to  be  of  organic  nature,  he  proposed  the  name  of  Tvbu' 
iella  amhigua.  By  different  authorities  these  little  bodies  have 
been  assimilated  to  Serpulse  {Filograna),  insect- tubes,  and  the  casts 
of  the  fine  roots  of  plants.  With  regard  to  the  age  of  the  fissure- 
deposits,  the  author  remarked  that  although  in  some  fissures  the 
infilling  shows  a  mixture  of  organisms,  in  most  cases  each  "  vein  " 
appears  to  have  an  individuality  of  its  own,  and  thus  the  veins 
represent  intervals  of  geological  time  clearly  distinct  from  one 
another,  different  fissures  showing  infiUings  of  alluvium,  Oolite, 
Lias,  Khsetic,  and  Keuper  beds.  The  presence  of  his  Tubutella  he 
considered  to  indicate  freshwater  conditions. 

The  author  also  referred  to  the  discovery  of  Theeodontosaur^is  and 
Palceosaurus  many  years  ago  at  the  edge  of  Durdham  Down,  and 
discussed  the  age  of  the  deposit  containing  them,  which  was 
originally  supposed  to  be  Permian,  and  was  referred  by  Mr. 
Etheridge  to  the  Dolomitic  Conglomerate  at  the  base  of  the  Keuper. 
The  author  stated  that  he  had  found  remains  of  the  same  genera  in 
Rhaetic  deposits  at  Holwell  and  Clifton  Down,  and  had  hence  been 
led  to  refer  the  two  genera  to  that  age.  He  stated,  however,  that 
he  had  since  discovered  teeth  of  Thecodontosaurus  identical  with 
those  of  the  Bristol  area  in  a  deposit  belonging  to  the  middle  of  the 
Upper  Keuper  at  Eushton  near  Taunton,  and  recognized  certain 
differences  between  these  teeth  and  those  of  the  same  genus  from 
the  KhsBtic  beds  of  Holwell;  hence  he  was  led  to  give  up  the 
notion  that  the  former  were  of  RhsBtic  age,  and  to  refer  them  to  the 
Upper  Keuper;  but  he  remarked  upon  the  interesting  fact  that, 
while  most  of  the  generic  forms  of  the  Keuper  are  represented  in 
the  Khsetic,  the- species  differ. 

2.  *'  Interglacial  Deposits  of  West  Cumberland  and  North  Lan- 
cashire."    By  J.  D.  Kendall,  Esq.,  C.E.,  F.G.S. 

The  glacial  deposits  of  the  district  consist  of  an  Upper  and  a 
Lower  Boulder-clay,  with  an  intercalated  group  of  sand,  gravel,  and 
clay,  the  three  being  rarely  present  in  one  section.  These  deposits 
occur  fairly  continuously  up  to  600  feet  above  the  sea,  and  in 
patches  up  to  1000  feet.  Associated  with  these  glacial  beds  are 
deposits  of  vegetable  matter,  which,  when  occurring  on  the  sea- 
shore, have  been  designated  submerged  forests.  The  author  con- 
siders this  designation  incorrect.  The  results  of  a  large  number  of 
borings  at  Lindal,  in  Fumess,  are  given,  in  which,  beneath  Upper 
Boulder-clay,  one  of  these  vegetable  deposits  was  pierced,  resting  on 
Boulder-clays  or  sand.      Similar  deposits   (which  have   been  less 
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completely  examined)  occur  at  Crossgates,  Walney  Island,  and  Brigg. 
ADother  is  near  St.  Bees,  which  has  been  more  minutely  examined  ; 
and  yet  another  near  Maryport.  These  deposits  are  not,  like  the 
Lindal  beds,  dearly  interglacial,  but  being  compact  and  in  other  ways 
difTering  from  the  ordinary  peaty  deposits,  are  believed  by  the  author 
to  be  80 ;  further,  they  all  rest  on  Lower  Boulder-clay. 

The  author  believes  that  the  vegetable  matter  was  not  produced 
i«  tiiu,  but  accumulated  under  water.  Rootstocks  certainly  occur 
in  position  of  growth ;  but  their  roots  do  not  pass  down  into  the 
underlying  Boulder-clay,  so  they  may  have  floated  into  this  position. 
The  author  considers  this  to  throw  light  on  the  formation  of  coal. 


U— Dec.  1, 1880.— Bobert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. 

The  following  communications  were  read : — 
■    1.  '*  On  Remains  of  a  small  Lizard  from  the  Neocomian  Rocks 
of  the  Island   of  Lesina,   Dalinatia,   pi'eserved    in  the    Geological 
Museum  of  the  University  of  Vienna."     By   Prof.  H,  G.  Seeley, 
F.fi.S.,  F.G.S. 

The  author  mentioned  that  Prof.  Komhuber  had  described,  under 
the  name  of  Mydrosaurus  leiinenBiB,  the  remains  of  a  Lizard  from 
the  Neooomian  rocks  of  the  island  of  Lesina,  off  the  coast  of  Dal- 
matia.  The  University  Museum  at  Vienna  contains  a  slab  from 
the  localit}',  showing  the  hinder  part  of  the  skeleton  of  another 
Lizard,  which  had  been  lent  to  the  author  for  the  purpose  of  de- 
Bcription  by  Prof.  Suess.  The  specimen  inchides  twelve  doi-sal  and 
sixty-five  caudal  vertebrje,  but  the  tail  is  incomplete.  The  sacral 
vertebrae  are  concealed,  and  the  pelvis  is  imperfectly  seen.  Both 
hind  limbs  are  fairly  well  preserved.  The  author  described  the 
distinctions  which  he  considered  to  separate  this  animal  from  Korn- 
huber's  species,  consisting  chiefly  in  the  form  and  proportion  of  the 
dorsal  vertebrae,  which,  instead  of  having  the  neural  spine  high  and 
square,  as  in  JTydrosaurus,  have  it  depressed  and  produced  both 
anteiiorly  and  posteriorly  ;  in  the  length  and  slenderness  of  the 
ilium ;  in  the  single-headed  character  of  the  ribs ;  and  in  the  form 
and  structure  of  the  segments  of  the  limbs,  which  appear  to  possess 
four  tarsal  and  three  metatarsal  bones  and  five  digits.  The  author 
proposed  to  name  this  Lizard  Adriosaurna  Suessit, 

2.  *'  On  the  Beds  at  Headon  Hill  and  Colwell  Bay  in  the  Isle 
of  Wight"  By  Messrs.  H.  Keeping  and  E.  B.  Tawney,  M.A., 
F.G.S. 

Tlie  authors  criticized  the  views  put  forward  by  Prof.  Judd  in  his 
paper  published  in  the  Q.  J.G.S.  vol.  xxxvi.  p.  13,  and  supported  those 
established  by  the  late  E.  Forbes  and  the  publications  of  the  Geolo- 
gical Survey.  At  the  west  end  of  the  island,  viz.  at  Totland  and 
Colwell  Bays,  the  authors  stated  that  there  is  only  one  marine 
series,  the  Middle  Headon,  which  they  traced  continuously  through 
the  ch'fls — identifying  it  bed  by  bed- at  various  points — the  result 
entirely  corroborating  the  sections  of  the  Geological  Survey.     The 
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section  at  the  N.E.  end  of  Headon  Hill  was  described  in  detail,  and 
Prof.  Judd*8  interpretation  of  this  pai*t  of  the  section  analyzed. 
Prof.  Judd  places  the  marine  Middle  Headon  at  this  point  at  the  level 
of  the  sea,  maintaining  that  250  feet  of  beds  ((the  altitude  of  the 
Bembridge  limestone-quarry)  intervene  between  the  Bembridge  lime- 
stone and  the  sea-level.  The  authors  maintained  that  the  to}i  of  the 
marine  series  is  about  105  feet  above  the  sea-level,  that  thickness 
of  beds  intercalated  above  the  Middle  Headon  having  no  existence 
in  fact,  also  that  the  Brockenhurst  bed  does  not  exist  below  the 
Bembridge  quarry,  where  it  is  supposed  to  be  (concealed  by  gravel) 
by  Prof.  Judd,  and  stated  that  there  is  no  gravel  at  that  spot 
to  conceal  anything,  and  that  the  beds  which  do  exist  there  are  the 
freshwater  Osborne  and  Upper  Headon  beds  as  described  by  £• 
Forbes.  They  then  adduced  fossil  evidence  confirmatory  of  the 
stratigraphical ;  thus  out  of  57  species  collected  this  summer  at 
Col  well  Bay,  they  found  53  at  Headon  Hill.  (2)  The  sections  at 
Whitecliff  Bay  and  the  New  Forest  (Brockenhurst)  were  next- 
described.  At  Whitecliff  Bay  the  90  feet  of  beds  which  constitute  the 
Middle  Headon  of  the  Survey  section  have  been  renamed  "Brocken- 
hurst series  "  by  Prof.  Judd ;  the  authors  maintained  that  the  Brock- 
enhurst bed,  identical  as  to  its  fossils  and  position  with  that  of  the 
Whitley  Ridge  cutting,  is  represented  by  the  lower  2  feet  only,  imme- 
diately above  the  freshwater  Lower  Headon.  The  Middle  Headon  at 
Whitecliff  Bay  contains  lower  zones  than  any  developed  in  the  Middle 
Headon  of  Headon  Hill,  for  the  Brockenhurst  bed  is  entirely  absent 
from  the  west  of  the  island.  The  authors  maintained  that  Prof. 
Judd  has  assigned  a  false  position  to  this  bed  in  his  vertical  section 
of  New-Forest  beds,  and  that  instead  of  being  higher  than  the 
Venus-bed  horizon,  it  is  plainly  bolow  it,  since  at  Whitley  Bidge  it 
lies  on  tlie  Lower  Headon.  being  succeeded  by  the  Venus-bed  and  then 
by  the  Upper  Headon.  The  palseontological  evidence  was  then  dis- 
cussed, and  it  was  objected  to  Prof.  Judd's  lists  that  he  has  mixed  up 
the  Col  well  Bay  and  Brockenhurst  fossils  in  one  list,  thereby  begging 
the  question.  In  opposition  to  his  statistics  the  authors  maintained 
that  the  Brockenhurst  bed  has  about  48  per  cent  of  species  which 
pass  up  from  the  Barton  beds,  while  the  Venus-bed  series  of  either 
Col  well  Bay  or  Headon  Hill  have  only  29  per  cent,  suggestive  of  the 
lower  position  of  the  former. 

Further  examination  of  the  lists  of  fossils  prepared  from  an  ex- 
amination of  the  Edwards  collection  shows  that  the  Colwell-Bay 
and  Headon-Hill  marine  beds  have  thirteen  times  more  species 
common  to  themselves  alone  than  either  of  them  have  in  common 
with  the  Brockenhurst  bed.  The  palsdontological  evidence  is  there- 
fore in  accord  with  the  stratigraphical ;  they  both  occupy  a  higher 
zone  than  the  Brockenhurst  bed,  which,  when  developed,  occupies 
the  base  of  the  Middle  Headon.  The  authors  therefore  reject  Prof. 
Judd's  term  Brockenhurst  series,  and  revert  to  the  classification  and 
nomenclature  of  the  Geological  Survey. 
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FOREIGN  PEBBLES  ON  OUR  SOUTH  COAST. 

Sir, — ^I  am  not  aware  if  the  significance  of  the  foreign  stones 
—I  do  not  mean,  of  course,  the  granite  blocks  at  Pagham,  but 
smaller  pebbles  of  granite,  porphyry,  etc.,  occasionally  occurring  in 
the  shingle  of  our  southern  coasts — has  ever  been  remarked  upon  ; 
bat  it  has  occurred  to  me,  as  no  doubt  to  a  hundred  other  geologists, 
both  professional  and  amateur,  that  these  are  almost  the  only  actual 
evidence  that  can  be  expected,  in  the  absence  of  Drift  and  ice- 
markings,  in  favour  of  Dr.  Croll's  suggestion  as  to  the  passage  of  a 
great  ice-sheet  over  the  South-Eastern  comer  of  England  during  the 
height  of  the  Glacial  Epoch.  I  have  frequently  observed  such  stones 
both  here  and  at  Brighton,  and  only  within  the  last  few  days,  I  have 
picked  up  a  variety  of  granites,  syenites,  quartz-pebbles,  and  por- 
phyries (two  or  three  dozen  in  all),  some  red  sandstones,  and  one 
peculiar  siliceous  greenstone,  the  original  source  of  which  might  pos- 
sibly be  identified.  It  is  very  improbable  that  any  of  them  are 
British,  much  more  likely  that  they  are  Scandinavian.  Possibly, 
of  course,  they  may  be  parts  of  ballast,  but  I  confess  it  seems  to  me 
much  more  probable  that  they  are  portions  of  Scandinavian  drift. 
The  evidence  is  slight,  but  it  seems  the  only  kind  obtainable,  and  it 
may  be  taken  for  what  it  is  worth. 

The  mass  of  the  beach  along  our  south-eastern  coasts,  of  course, 
consists  of  Chalk  flints,  but  even  these  are  of  a  very  varied  character, 
the  majority  being  unaltered  and  referable  at  once  to  the  original 
Chalk,  while  others  bear  marks  of  having  once  belonged  to  Eocene 
pebble  beds  (London  Clay  basement,  Oldhaven  or  Bagshut).  a  few 
to  the  Isle  of  Thanet  Sands,  and  a  very  large  proportion,  as  I  infer 
from  their  brown  coatings  and  sub-angular  forms,  to  glacial  gravels 
or  drift.  J.  A.  Birds. 

St.  Leonardu-on-Sea,  Oct.  16,  1880. 


OX    THE    DISTRIBUTIOX    OF    VOLCANOS. 

Sir, — Having  been  absent  during  the  last  summer  in  the  north 
part  of  Yezo  and  the  Kurile  Islands,  it  was  not  until  a  few  days  ago 
that  I  received  your  Number  of  May,  1880,  in  which  there  is  a 
criticism  of  a  short  paper  of  mine  on  the  "  Geographical  Distribu- 
tion of  Volcanos,"  published  by  you  in  April,  1880. 

lliis  paper  was  chiefly  written  for  the  purpose  of  pointing  out  a 
fact,  which,  so  far  as  I  am  aware,  had  not  previously  been  noticed, 
namely,  volcanos  are  chiefly  distributed  along  the  boraors  of  land 
wliich  slopes  steeply  beneath  the  sea. 

Whilst  suggesting  an  explanation  for  this  I  had  reason  to  refer  to 
the  position  of  an  isothermal  surface  lying  partly  under  the  land  and 
partly  under  the  sea.  I  then  said  that  it  was  not  unlikely  that 
this  surface  would  be  found  at  a  **  much  greater  depth  beneath  the 
rocks  which  form  the  bed  of  the  ocean,"  than  the  depth  at  which  we 
should  find  it  beneath  the  land. 


48  Correspondence — Mr.  J.  Nolan. 

The  Rev.  0.  Fisher  pointed  out  to  roe  that  the  greater  depth  could 
hardly  be  qualified  by  the  word  "  much,"  and  with  hb  reasoning  I 
for  the  most  part  agree. 

I  should,  however,  like  to  point  out  that  the  difference  in  tempera- 
ture beneath  the  land  and  sea  has  by  him,  I  think,  been  somewhat 
under-estimated.  He  takes  the  mean  temperature  of  England  as 
being  50°  F.,  whilst  that  of  the  sea-bottom  is  32^. 

If  we  remember  that  the  greater  number  of  active  volcanic  bands 
lie  within  or  near  the  tropics,  we  shall  be  compelled  to  take  the  land 
temperature  at  something  above  50°  F. 

In  Tokio,  as  recorded  at  the  Yamato  Yashiki  Observatory,  the 
mean  temperature  at  a  depth  of  10  ft,  is  about  60°  F.  Farther 
south  it  will  probably  lie  much  greater.  This  will  make  the  solid 
crust  beneath  the  sea  more  nearly  2000  than  1000  ft  thicker  than 
that  beneath  the  land,  and  this  as  a  fractional  part  of  the  zone  above 
rocks  at  the  melting  temperature  I  regard  as  a  considerable  amount. 
Even  accepting  Mr.  Fisher's  estimate  of  900  to  1080  feet,  the 
reason  I  have  advanced  for  the  peculiar  position  of  volcanos  will,  I 
tliink,  still  hold  good,  if  not  for  the  whole  of  the  phenomena,  at 
least  for  a  considerable  portion  of  it.  John  Milne. 

Imperiat.  College  of  Enoinberino,  Tokio, 
Japan,  October  lOM,  1880. 


ON  THE  OLD  RED  SANDSTONE  OF  THE  NORTH  OF  IRELAND. 

Sir, — In  the  November  Number  of  the  Geol.  Maq.  Mr.  Einahan 
makes  some  remarks  on  a  paper  of  mine  betu'ing  the  above  title,  to 
which  I  beg  to  make  the  following  reply. 

I  am  at  a  loss  to  know  how  Mr.  Einahan  learns  from  the  Survey 
Map  that  the  Old  Bed  Sandstone  at  any  place  *'  graduates  "  into  the 
"  fossil iferous  Pomeroy  Rocks."  No  fact  is  more  clearly  shown  on 
that  map  than  that  these  widely  diflferent  formations  are  uncon- 
formable. The  conglomerate  in  the  townland  of  Aghafad  I  believe 
to  be  of  Lower  Silurian  age. 

I  do  not  deny  that  there  may  be  representatives  of  the  Eiltorcan 
beds  in  the  North  of  Ireland,  although  I  have  not  hitherto  recognized 
them,  believing,  for  the  reasons  stated  in  my  paper,  that  the  "  Yellow 
Sandstones "  of  that  district,  characterized  by  the  occurrence  of 
Modiola  McAdami  and  other  marine  fossils,  are  far  more  probably 
on  the  horizon  of  the  Calciferous  Sandstone  of  Scotland,  and  the 
Carboniferous  Slate  and  Coomhola  grit  of  the  South  of  Ireland. 
As  to  the  j^ition  of  these  latter  groups,  I  beg  to  refer  Mr.  Einahan 
to  Jukes's  manual  of  Geologjs  where  he  will  find  them  placed  as  I 
have  done — at  the  base  of  the  Carboniferous  Limestone,  and  con-e- 
lated with  the  Calciferous  Sandstone. 

The  word  "  Upper  "  prefixed  to  **  Old  Eed  Sandstone  of  Water- 
ford  "  is  simply  a  mistake  in  the  abstract  of  my  paper,  which  does 
not  occur  in  the  original.  J.  Nolan. 

47,  Great  James  Street,  Londoxderiit, 
November,  1880. 
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I— Contributions    to    thk    Paljbontology    op    the    Yorkshire 

Oolites.^ 

Part  VI. 
By  Wilfrid  H.  Hudleston,  M.A.,  F.G.S.,  V.P.G.A. 

(PLATE    III.) 

^eoos  Neeita,  Linnsdus,  1758.     Subgenus  Neritopsis,  Grateloup, 

1832. 

There  is  no  positive  evidence  that  any  species  of  Nerita  has  been 
found  in  the  Corallian  Rocks  of  Yorkshire.  It  is  true  that  Nerita 
Idtvigala,  Sow.,  is  quoted  by  Phillips  (G.  Y.  1875,  p.  258),  but  this 
fossil  is  well  known  to  be  a  Monodantay  and  it  is  doubtful  if  the 
exact  form  occurs  on  this  horizon  (see  postea,  Turbo  Erinus),  The 
i^me  author  also  quotes  ** Nerita  bullata^*  as  occurring  in  the 
Coralline  Oolite.  I  can  find  no  reference  to  this  species,  and  am  at 
a  loss  to  understand  what  fossil  is  intended  to  be  thus  designated. 
There  are  C€ist8  in  the  Coral  Rag  of  North  Grimston  which  may 
belong  to  a  species  of  Nerita, 

The  subgenus  Neritopsis  is  probably  more  thoroughly  marine. 
B'Orbigny  (T.  J.  ii.  p.  221)  refers  to  twenty-three  fossil  species,  and 
regards  the  maximum  of  its  development  as  having  occurred  in  the 
Corallian  stage.  It  is,  however,  an  important  Tertiary  group.^ 
Specimens  belonging  to  three  species  of  Neritopsis  have  been  found 
sparingly  in  the  Coral  Rag  of  Yorkshire  :  of  these  N  Guerrei,  Heb.  and 
l^esl.,  has  been  noted  before,  and  although  not  frequent  is  the  least 
rare  of  the  three. 

36.  Neritopsis  Guerrei,  Hebert  &  Deslongchamps,  1860. 

Plate  III.  Figs.  3a,  6,  c, 

yeritopsit  Guerrei^  Hubert  &  Deslongcliamps,  1860,  Bull.  Soc.  Linn.  Norm.  vol.  v. 

p.  186,  pi.  i.  figs.  4a,  by  r,  d. 

Bibliography,  etc, — The  diagnosis  of  this  Callovian  species  by  the 
authors  is  sufficiently  loose,  and  the  three  specimens  figured  by 
them  embrace  a  considerable  width  of  variation.  The  ornaments  in 
their  fig.  4c  have  the  most  resemblance  to  our  Corallian  shell. 
On  the  whole  the  resemblance  is  sufficiently  near  to  justify  the 
identification  in  preference  to  making  a  new  species.     The  authors 

'  Continued  from  the  December,  1880,  Number,  p.  638. 
•  Cf.  Dr.  Woodward,  in  Geol.  Mao.  for  1879,  p.  645. 

SBCADB  U. — vox.   TXT/,— JVO,  //,  ^ 
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observe  that   their  species  is  near  to  N,  Moreauana,  D'Orb.,  and 

N.  Cottaldina,  D*Orb.,  from  the  Coral  Rag. 

Description, — Specimen  from  the  Coral  Rag — probably  of  Seamer 

or  Ay  ton  (Strickland  Collection).     Figs.  3a,  6,  x  1^. 

Length  16*6  milliindtres. 

Width     18-7         „ 

Length  of  last  whorl 13*  ,, 

Shell  transversely  ovate  oblong.  Spire  short,  formed  of  about 
three  whorls,  of  which  the  last  is  immense  in  comparison  with  the 
rest  of  the  spire.  The  whorls  are  widely  separated:  the  body- 
whorl  is  flatted  posteriorly,  so  that  the  shell  is  tumid  angular  rather 
than  convex.  The  ornaments  consist  of  a  series  of  moderately 
strong  transverse  ribs,  of  which  three  or  four  towards  the  centre 
are  somewhat  more  prominent :  the  longitudinal  ribbing  is  less 
strongly  indicated.  The  nodes  at  the  intersections  were  probably 
spiny,  and  the  whole  pattern  is  coarse  and  irregular. 

The  aperture  is  wide  and  circular,  with  a  thick  peristome,  the 
edge  of  which  is  crenulated,  except  upon  the  inside,  where  the  lip  is 
smooth  and  prominent.^ 

Another  specimen  (Leckenby  Collection),  Fig.  Se,  natural  size. 

Length 22  millimetres. 

Width    25  „ 

Length  of  last  whorl    18  ,, 

This  is  a  much  larger  specimen  than  the  one  previously  described, 
but  the  proportions  are  nearly  the  same.  The  shell  has  suffered 
from  wear,  but  enough  character  remains  in  the  angular  outline  of 
the  upper  part  of  the  body-whorl,  and  the  irregularity  of  the 
transverse  ribbing,  to  warrant  the  identification. 

Relations  and  Distribution. — This  somewhat  average  form  is  doubt- 
less related  to  the  two  species  next  described,  though  it  clearly 
differs  from  either,  both  in  contour  and  character  of  ornament. 
Perhaps  the  nearest  Corallian  form  described  from  the  French  beds 
is  N,  Cottaldina,  D'Orb.  (Terr.  Jurass.  vol.  ii.  p.  227,  pi.  301,  figs. 
11 — 13),  but  that  species  is  smaller. 

N,  Guerreiy  as  identified,  occurs  principally  in  the  ComlRag  of  the 
Scarborough  district  (Seamer,  Ay  ton,  Brompton),  where  Oxfordian 
forms  would  seem  to  have  lingered  more  than  on  the  south  side  of 
the  Vale  of  Pickering.  It  has  been  quoted  from  Upware  possibly 
in  mistake  for  N.  decussata,  and  is  mentioned  by  Whiteaves  in  the 
Oxford  list 

*  As  one  of  the  characteristic  features  of  Neritopsis  is  held  to  be  the  notch  at 
the  columcllar  lip,  it  niiofht  be  objected  that,  in  the  case  of  this  specimen,  no  fiuch 
notch  is  shown.  A  similar  objection  may  be  urj^ed  in  tbe  case  of  all  D'Orbigny's 
tij^ur(!K  in  the  Terrains  Jurassiqucs.  Two  reasons  may  be  adduced  for  this.  Firstly, 
the  columcllar  notch  may  not  have  been  so  strong  in  the  Secondary  as  in  the  Tertiary 
species.  ISecondhj,  it  is  miite  certain  that  the  presence  of  a  hard  matrix  tends  to 
oDscure  what  should  be  tlie  characteristic  feature,  and  more  complete  development, 
where  safe,  might  reveal  the  existence  of  the  notch.  In  the  very  well  preserved 
T(!ss()n  ('ollection,  now  in  the  New  Natural  History  Museum,  there  is  only  one 
specimen  of  Nvritopsis  where  the  notch  is  visible.  In  this  case  the  anterior  portions 
of  the  inner  lip  are  decayed  away,  but,  as  the  aperture  happens  to  be  quite  clear  of 
matrix,  we  are  able  to  see  the  entire  cavity. 
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37. — Nbbitopsis  Morbauana,  D'Orbigny,  1847.  Plate  TIL  Figs.  2a,  6. 

2reritop*is  Moreamana,  D'Orbigny,  1847,  Prod,  de  Pal.  Stat.  vol.  ii.  p.  7. 

Idem.  1852,  Terr.  Jurass.  vol.  ii.  p.  226,  pi.  301,  figs.  5—7. 

Bibliography ^  etc, — The  original  specimen  was  from  the  Corallian 
of  St-Mihiel.  We  have  already  seen  that  Hebert  and  Deslong- 
champs  noted  its  relation  to  the  foregoing  species. 

Description, — Specimen  from  the  Corallian  of  Yorkshire  (Strick- 
land Collection).  The  outer  lip  is  too  much  broken  away  for  accurate 
measurement  Shell  transversely  oval.  Spire  very  short  and  very 
open,  formed  of  two  to  three  convex  whorls  which  are  wide  apart. 
Bodj-whorl  immense  in  proportion,  and  rather  rounded  off  at 
either  extreme,  so  as  to  give  a  truly  convex  character  to  the  shell. 
The  ornaments  consist  of  a  double  series  of  ribs  closely  set  and 
granulated  at  the  nodes.  In  the  transverse  series  of  ribs  there  is 
a  slight  tendency  to  unequal  alternations.  The  longitudinal  system 
is  somewhat  the  most  prominent,  and  this  feature  is  especially 
noticeable  in  the  penultimate  whorl,  where  the  intercostal  spaces 
are  £nely  striated. 

The  outer  lip  and  anterior  extremity  of  the  shell  are  imperfect. 

delations  and  Distribution. — Although  the  specimen  in  question 
may  not  exactly  correspond  with  the  one  originally  described  by 
D'Orbigny,  the  differences  would  not  warrant  the  making  of  a  new 
species.  It  obviously  differs  from  Yorkshire  specimens  of  N,  Guerrei 
in  the  general  convexity  of  the  whorl,  in  the  fine  and  regular 
ornamentation,  and  in  the  nodular  character  of  the  intersections. 
The  form  would  seem  to  be  rare,  as  few  authors  allude  to  N.  Moreau- 
ana. 

As  far  as  I  know,  Sir  Charles  Strickland's  specimen  is  the  only 
one  which  has  ever  been  found  in  Yorkshire. 

38. — Neritopsis  decussata,  Miinster,  1844.     Plate  III.  Fig.  1. 

Xatiea  drenssatOy  Miinst.,  1844,  Goldfuss,  pt.  3,  p.  Ill,  pi.  199,  fi^.  10. 
Seritoptis  decmsata,  D'Orbigny,  1847,  Prod,  de  I'al.  Strut,  vol.  ii.  p.  7. 

Idem,  D'Orbigny,  1852,  Terr.  Jurass.  vol.  ii.  p.  227,  pi.  301,  figs.  8-10. 

yeritopaU  corallensisj  Buvignier,  1852,  Stat.  Geol.  de  la  Meuse,  p.  31,  pi.  22,  fii::^. 

38—40. 

Bibliography,  etc, — Miinster's  shell  was  from  the  Corallenkalke  of 
Nattheim  in  Wurtemberg.  It  has  been  identified  by  D'Orbign}'^ 
with  a  species  of  Neritopsis  occurring  in  the  Corallian  of  St.-Mibiel, 
and  if  we  may  judge  from  the  figure  in  Goldfuss  the  identification 
is  fairly  warranted.  I  cannot  see  any  difference  between  Miinster's 
species,  as  identified  by  D'Orbigny,  and  N.  corallensis,  Buvignier. 
from  the  Coralline  Oolite  of  St.-Mihiel.  Still  Buvignier  may  not 
have  been  satisfied  with  D'Orbigny's  identification.  There  can  be 
little  doubt  that  the  Yorkshire  shell  under  consideration  answers  to 
the  figures  and  description  in  the  Terrains  Jurassiques,  and  is  the 
shell  identified  in  the  Prodrome,  whether  the  original  identification 
by  D'Orbigny  be  correct  or  not. 
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Description, — Specimen  from  the  Coral  Bag  of  North  Qrimston 

(Strickland  Collection). 

Total  length    12*5    milliin^tres. 

Width 14-26  „ 

Length  of  last  whorl 1 1*0  „ 

Shell  transversely  oval  oblong.  Spire  extremely  short,  and  formed 
of  two  to  three  whorls,  of  which  the  last  is  immensely  larger 
every  way  than  the  others.  Body- whorl  flattish  posteriorly,  afford- 
ing an  angular  rather  than  a  convex  outline.  Ornaments  strongly 
sculptured  and  of  great  regularity.  About  twelve  stout  transverse 
ribs  are  met  at  right  angles  by  a  system  of  longitudinal  ribbing 
somewhat  less  prominent  The  points  of  intersection  are  marked 
by  thick  tuberculations,  the  intervening  meshes  being  regolar 
oblongs  of  considerable  depth. 

The  anterior  portion  of  the  body- whorl  and  the  aperture  are  too 
much  concealed  in  matrix  for  accurate  description. 

Helattona  and  Distribution. — The  points  of  resemblance  in  this 
well-marked  species  to  the  two  previously  described  are,  in  a  great 
measure,  those  common  to  the  genus.  The  contour  and  ornamenta- 
tion separate  it  clearly  from  N,  Moreauanat  and  although  it  has 
stronger  affinities  with  the  form  referred  to  N.  Otierrei,  yet  the 
regularity  and  nearly  uniform  strength  of  the  ribbing  is  a  good 
character  which  may  be  relied  upon  in  instituting  a  comparison  with 
that  species. 

N,  decussata  is  very  rare  in  Yorkshire,  not  more  than  two 
specimens  at  the  utmost  having  come  under  my  notice.  A  larger 
variety,  which  may  probably  be  referred  to  this  species,  occurs  in 
tlie  Coral  Rag  of  Up  ware,  which  has  so  many  fossils  in  common 
with  the  North  Grimston  Rag.  The-  same  species  has  also  been 
found  in  the  Coral  Rag  of  Wiltshire.  Buvignier  states  that  N, 
corallensis  (believed  to  be  a  synonym)  is  rare  in  the  Corallian  of 
the  Me  use. 

No  species  of  Neritopsis  in  any  way  resembling  either  of  the 
three  described  is  quoted  from  this  horizon  in  North  Germany.  Nor 
have  any  of  them  been  noticed  at  Boulogne  or  at  Weymouth.  A 
large  development  of  actual  Coral  seems  to  have  been  favourable  to 
this  section  of  the  genus. 

Genus  Tubbo,  Linnsdus,  1758. 

This  genus  was  the  exhaustive  division  in  which  numbers  of 
Jurassic  shells  were  put  as  a  sort  of  temporary  resting-place. 
After  the  removal  of  the  section  of  Littorina  previously  described, 
the  species  remaining  are  neither  numerous  nor  important  as  con- 
tributing to  swell  the  shell-beds  of  the  Corallian  rocks  in  York- 
shire. Under  this  general  heading  we  may  for  present  purposes 
include  Crossostomay  Lycett,  1850,  Monodonta,  Lamarck,  1801,  and 
Delphinulaf  Lamarck. 

39.— Turbo    (Cbossostoma)  corallensis,   Buvignier,    1852. 

Plate  III.  Figs.  4a,  b. 
Turbo  corallensis,  BuYignier,  1862.    Stat.  g6ol.  de  la  Meuse,  p.  37,  pi.  24,  figs.  21,  22. 


W.  H.  Hudieston—The  Yorkshire  Oolite.  63 

Desertpiion. — Specimen  from  the  Coral  Bag  of  Ayton  (my  Collec- 

tioo). 

Length    6*6  millimetres. 

Width 10 

Shell  subglobular,  smooth.  Spire  composed  of  about  three 
whorls,  scarcely  separated  by  any  suture.  The  last  whorl  is  enor- 
mously larger  than  the  preceding  ones.  Base  convex  and  solid. 
Aperture  imperfectly  preserved. 

Relations  and  Distribution. — ^The  very  great  width  of  this  shell  in 
proportion  to  its  height,  the  flattening  of  the  spire,  and  obsolete 
character  of  the  suture,  whereby  the  entire  shell  seems  almost  to 
consist  of  one  whorl,  serve  to  distinguish  this  species.  On  the 
Continent  no  one  but  Buvignier  records  its  presence,  unless  it  is 
concealed  under  some  synonym.  It  is  however  closely  allied  to 
Crossostoma  discoideum,  Morris  and  Lycett  (Great  Ool.  Moll.  p.  73,  pi. 
xi.  fig.  7),  and  something  very  like  it  turns  up  on  several  horizous 
in  the  Jurassic  rocks. 

The  dimensions  of  the  specimen  figured  exceed  those  given  by 
Bavignier,  but  the  proportions  are  about  the  same.  Bai'e  in  the 
Coral  Bag  of  Ayton  and  neighbourhood. 

40.— TuKBo  (Monodonta)  Erinus,  D'Orbigny,  1847.     Plate  III. 

Figs.  5a,  6. 

Tntho  Erinusy  D'Orbigny,  1847,  Prod,  de  Pal.  Strat.  vol.  ii.  p.  9. 

Turbo  inomatuSf  Buvigtiier,  1852,  Stat.  g6oI.  de  la  Meuse,  p.  37,  pi.  26,  figs.  27 

and  28. 
Turbo  Erinm,  D'Orbigny,  1852,  Terr.  Jurass.  vol.  ii.  p.  362,  pi.  336,  figs.  12-14. 

Bibliography,  etc, — It  would  be  a  difficult  and  thankless  task  to 

go  closely  into   the   history  of  this   very  average   form.     In  the 

Prodrome,  D'Orbigny  describes  a  species  of  Turbo  from  the  Corallian 

of  St.-Mihiel  as  **  wider  than  high,  entirely  smooth,  whorls  slightly 

swollen,  mouth   round."      In  the  Terrains  Jurassiques,  the   same 

author  gives  the  following   dimensions  for  this  shell,  viz.  length 

11  mm.,  width  13  mm.,  spiral  angle  90°.      He  regards  the  Turbo 

Ims  ^  of  Buvignier  {op.  cit.  p.  37,  pi.  26,  figs.  29,  30)  6is  being  the 

same,  but  this  is  a  much  higher  shell,  having  a  spiral  angle  of  lower 

value.     There  can  be  very  little  doubt  that  the  Yorkshire  specimen 

described  below  is  the   Turbo  inomaius  of  Buvignier,  but  as  the 

description   in   the   Prodrome,   as   far    as    it    goes,    is   applicable, 

D'Orbigny*s  name  {Erinus)  would  seem  entitled  to  priority,  though 

otherwise  I  should  have  preferred  to  adopt  Buvignier's  name. 

Description. — Specimen  from  the  Coral  Rag  of  North  Grimston 

(Strickland  Collection). 

Len^h 12      millimetres. 

Width    13-5  „ 

Spiral  angle 94*^. 

Shell  subglobular,  wider  than  high.      Spire  composed   of  about 

five  whorls,  which  are  smooth,  convex,  and  fairly  marked  off  by  the 

*  Since  D'Orbigny  {op.  cit.  p.  362)  quotes  from  the  Statistique  geologique  de  la 
Meuse,  it  is  clear  that  the  date,  1850,  prefixed  to  vol.  ii.  of  the  Terrains  jurassiques 
is  incorrect. 
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suture.  The  body-whorl  is  greatly  larger  than  the  rest  of  the  spire, 
and  has  the  posterior  area  slightly  flatted.  Base  solid  and  rather 
tumid.  The  aperture  is  oblique,  and  not  sufficiently  well  preserved 
to  show  the  indentation  on  the  columella. 

Relations  and  Distribution, — This  may  be  deemed  one  of  the 
representatives  on  a  higher  horizon  of  Monodonta  (Nerita)  lavigaiaf 
Sow.  (Min.  Conch,  pi.  217,  fig.  1),  which  was  originally  described 
from  the  Inferior  Oolite  of  Dimdry.  Except  that  this  latter  shell  is 
slightly  more  Neritoid,  and  not  quite  so  wide,  the  differences  are 
not  very  great.  Doubtless  such  a  form,  with  modifications,  might 
1)0  expected  to  run  throughout  the  Jurassic  rocks.  In  Yorkshire 
this  particular  form  is  rare. 

41. — Turbo  ljbvis,  Bnvignier,  1852.     PI.  III.  Fig.  6. 

Turbo  lavis,  Bavignier,  1852,  Statis.  g&A,  de  la  Mease,  p.  37,  pi  26,  figs.  29,  30. 

Bibliography t  etc, — We  have  already  seen  that  Turbo  Imvis,  Buv., 
was  regarded  by  D*Orbigny  as  being  identical  with  his  Turbo  ErinuSj 
but  the  proportions  do  not  correspond.  Buvignier's  T.  lavis  comes 
very  near  to  Monodonta  papilla,  Heb.  &  Desl.  (BulL  Soc.  Linn. 
Norm,  tome  v.  p.  211,  pi.  iii.  fig.  1),  which  fossil  is  recognized  by 
De  Loriol  and  Pellat  (Jurass.  Supr.  vol.  i.  p.  121,  pi.  ix.  figs.  23, 
24)  as  occurring  in  the  **  Sequanien  "  of  Boulogne. 

Description, —  Specimen  from  the  Coral  Rag  of  Hildenley  (Strick- 
land Collection). 

Length    9  millimetres. 

Width 9        „ 

Spiral  angle     76". 

Shell  subconical,  globular,  equally  wide  as  high.  The  spire 
consists  of  about  five  whorls,  smooth,  convex,  and  distinctly  separated 
by  a  suture.  Body- whorl  very  large,  globose,  with  a  slight  tendency 
to  flattening  of  the  posterior  area.  Base  tumid.  Aperture  involved 
in  matrix. 

Relations  and  Distribution, — ^The  proportions  of  this  unomamented 
Turbo  separate  it  from  the  species  last  described,  with  which,  how- 
ever, it  may  be  deemed  to  share  affinities  in  the  original  Monodonta 
(Nerita)  IcBvigata,  Sowerby.  Buvignier's  type  of  T  Icsvis  is  only 
two-thirds  the  size  of  the  Yorkshire  specimen  now  figured,  but  the 
proportions  correspond  exactly.  It  is  stated  to  be  common  in  the 
White  Oolite  of  the  Coral  Rag  of  St.-Mihiel. 

In  Yorkshire  Turbo  Icevis  is  sparingly  distributed  throughout  the 
Coral  Hag,  and  is,  perhaps,  the  most  usual  of  the  three  unomamenteil 
forms  of  Turbo,  which  have  hitherto  been  lumped  under  the  general 
designation  of  Nerita  laevigata, 

•     42. — Turbo  (Delphinula.)  FUNicrLATUS,  Phillips,  1829.      Plato 

III.  Figs.  7a,  b, 

Turhn  funiculatus,  Phillips,  1829,  Geology  of  Yorkshire,  vol.  i.  pi.  iv.  fig.  11. 
JJclphinula  muricata,  Buvignier,  1843,  Sfem.  Soc.  Verd.  p.  243,  pi.  \y.  figs.  31,  32. 
Idem.  Idem.       1852,  Stat.  g^ol.  do  la  Meuse,  p.  35,  pi.  32,  figs. 

19-21. 
?  Delph inula  muricata,  Buv.  De  Loriol  &  Pellat,  1874,  Jurass.  Supr.  de  Boulogne, 

p.  113,  pi.  ii.  figs.  30-33. 
Littorina  funiculata,  Phillips,  1875,  G.  I.  3rd  edition,  pp.  268,  325. 
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Bibliography,  etc, — It  is  so  rare  to  find  a  good  specimen  of  this  not 
very  common  fossil,  that  Phillips  may  be  forgiven  for  his  imperfect 
figure,  whilst  no  blame  can  attach  to  Buvignier  for  not  having 
reoognized  Phillips'  species.  Indeed,  there  may  be  differences 
between  the  Yorkshire  shell  and  that  of  the  Meuse  (magnified 
doubtless  in  figures),  which  would  induce  some  to  separate  them 
specifically.  Buvignier's  description  tallies  better  than  any  of  his 
figures.  The  shells  figured  by  De  Loriol  from  the  S^uanien  of 
Boulogne  may  belong  to  this  species.  At  the  same  time  that  author 
exercises  a  wise  discretion  in  hesitating  to  connect  his  shells  with 
the  Turbo  murieatus  of  Sowerby,  seeing  that  this  very  abundant 
fossil  has  nothing  in  common  with  the  genus  Belphinula.  The 
following  extract  from  Buvignier  (Stat.  geol.  de  la  Meuse,  p.  35) 
bears  upon  this  subject : 

"M.  d'Orbigny,  qui  n'admet  pas  de  Littorines  dans  les  terrains 
jurassiques,  a  probablement  confondu  cette  espece  avec  le  Liiiorina 
mturieoides,  Desb.,  qu'on  trouve  dans  le  meme  gissement,  mais  qui 
n'a  ni  la  bouche  enti^i*e  et  circulaire,  ni  les  tours  disjoints  qui  font 
du  D,  murieata  une  des  Dauphinules  les  mieux  caracterises." 

Description. — Specimen  from  the  Coral  Rag  of  Brompton  (Strick- 
land Ck>]  lection). 

Length    23  millimetres. 

Width 21        „ 

Spiral  angle   75^. 

Shell  turbinated,  nearly  as  wide  as  long,  umbilicated.  The  spire 
consists  of  about  five  whorls,  which  increase  regularly  and  rapidly, 
and  are  very  open,  and  separated  by  a  broad  suture.  They  are 
ornamented  with  very  coarse  scaly  ribs  arranged  transversely ;  on 
the  penultimate  these  are  five  in  number.  Some  of  the  ribs  towards 
the  posterior  part  of  the  body-whorl  are  strongly  muricated.  The 
ribbing  is  continued  of  almost  equal  strength  throughout  the  base 
of  the  shell,  and  the  umbilicus  is  bordered  by  a  band  with  rather 
stronger  serrations.  The  aperture  is  perfectly  circular,  with  a  very 
thick  peristome,  which  is  free  and  with  crenulated  edges.  Umbilicus 
well  marked. 

Helations  and  Distribution. — Sir  Charles  Strickland's  shell,  besides 
being  in  a  better  state  of  preservation,  is  larger  than  an  average  of 
Yorkshire  specimens,  which  also  vary  slightly  in  ratio  of  lengtli  to 
width,  and  seldom  have  so  deep  an  umbilicus.  The  relations  of  this 
species  to  other  members  of  the  genus  Delphinula  are  not  very  clear 
at  present,  and  it  would  be  difl&cult  to  point  out  its  representatives 
in  the  English  Jurassic  rocks.  Buvignier  describes  2).  rnuricata  as 
rare  in  the  **  Oolithe  ferrugineuse  *'  above  the  Oxford  Clay.  In 
Yorkshire  the  corresponding  form  occurs  chiefly  in  the  Coral  Rag  of 
the  Scarborough  district,  and  in  the  base  of  the  Coralline  Oolite  at 
Pickering.  I  am  not  aware  that  it  has  been  noted  in  other  parts  of 
England. 
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43.— Turbo  (Dklphinula)  Pkllati,  De  Loriol,  1874.    Plate  III. 

Figs.  8a,  6. 

Bilphinula  PeUati,   De   Loriol,    1874,  De    Loriol    &   Pelkt,  Juraas.    Supr.  de 

Boulogne,  p.  115,  pi.  ix.  figs.  34  and  36. 

Description, — Fragment  from  the  Coral  Bag  of  Langton  Wold 
(my  Collection). 

The  external  portion  of  the  whorl  is  strongly  bicarinated,  and 
widely  umbilicated.  The  keels  carry  thick  spinous  projections,  those 
of  the  posterior  keel  being  the  strongest;  the  intermediate  space 
between  the  two  keels  is  excavated.  The  base  of  the  last  whorl  is 
penetrated  by  a  great  umbilicus,  funnel-shaped  and  bounded  by  a 
smooth  belt,  below  which  the  sides  of  the  excavation  are  marked  by 
fine  strioB  of  growth. 

Relations  and  Distribution. — This  fragment  so  well  fits  the  very 
complete  description  given  by  De  Loriol  that  there  can  be  little 
doubt  as  to  the  identification.  The  original  specimens  were  obtained 
from  the  S6quanien  of  Boulogne.  Although  Buvignier  has  described 
and  figured  some  half  dozen  species  of  Delphinvla  from  the 
Corallian  of  the  Mouse,  none  exactly  fit  this  one.  Since  the 
Boulogne  beds  have  not,  as  a  whole,  any  strong  affinity  with  the 
Corallian  of  Yorkshire,  this  identification  forms  an  interesting 
exception.  The  Yorkshire  specimen  is  at  present  unique ;  it  was 
found  in  one  of  the  quarries  on  Langton  Wold,  where  so  many 
curious  fossils  have  been  discovered.  It  may  be  looked  for  in  the 
Coral  Bag  of  Upware. 

Genus  Tkochus,  Linnreus,  1758. 
This  genus  is  but  poorly  represented  in  the  Corallian  rocks  of 
Yorkshire.  The  species  are  small  in  size  and  few  in  number ;  yet 
even  these  have  been  overlooked,  since  Phillips,  in  his  last  edition, 
does  not  enumerate  a  single  Troehus.  On  the  other  hand,  Buvignier 
has  described  about  fifteen  species  from  the  Coral  Rag  of  the  Mouse, 
of  which  two  or  perhaps  three  may  be  approximately  identified  in 
our  beds,  whilst  one  or  two  species  have  not  at  present  been  noted 
elsewhere. 

44 — Tkochus  obsolktus,  Boemer,  1836.    Plate  IIL  Fig.  9. 

Trochus  obsoletusy  K(Bmer,  1836,  Ool.  Geb.  p.  151,  jpl.  xi.  fig.  5. 
Trochus  inomatu*y  Buvignier,  1852,  Stat.  geol.  de  la  Mouse,  p.  37,  pi.  26,  figs.  23, 

and  24. 

Description,  —  Specimen   from   the  Passage-beds  in  the  Lower 

Limestones  at  Wydale  (my  Collection). 

lienifth   7*5  millimetres. 

Width     8- 

Spiral  angle   75°. 

Shell  conical,  slightly  oblique,  not  umbilicated.  Whorls  four  or 
five  in  number,  very  regular,  smooth  and  nearly  flat,  suture  but 
slightly  accentuated.     Aperture  broken  away. 

Relations  and  Distribution, — An  average  form,  which  probably 
occurs  with  slight  modifications  on  several  horizons.  Buvignier*s 
specimens,  which  are  rather  larger,  occur  rarely  in  the  ferruginous 
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Oolite  of  Viel  St-Remy.  Quoted  by  De  Loriol  from  the  Sequanien 
of  Boulogne.  The  Yorkshire  specimen  is  one  of  the  very  few 
Univalves  of  the  Lower  Limestones,  which  are  Oxfordian  rather  than 
Corallian.     Most  of  the  Univalves  in  these  beds  are  rather  dwarfed. 

45.— Trochus  acuticarina,  Buvignier,  1852.     Plate  IIL  Fig.  10. 

Troehtu  acutiearinaj  Buvignier,  1852,  Stat.  g6ol.  de  la  Meuse,  p.  38,  pi.  25,  figs. 

31  and  32. 

Description, — Specimen  from  the  Coral  Rag  of  Yorkshire,  probably 

from  the  Howardian  Hills  (Leckenby  Collection). 

Length    15  millimetres. 

Width 13        „ 

Spiral  angle    56'. 

Shell  conical,  trochiform,  but  slightly  oblique.  Spire  composed 
of  five  or  six  whorls,  which  increase  with  great  regularity  and 
without  convexity.  The  posterior  whorls  of  the  specimen  are  ho 
far  injured,  that  no  detailed  description  can  be  given ;  the  same 
remark  applies  to  the  base  of  the  shell.  Of  those  portions  pre- 
served, a  most  characteristic  feature  is  a  very  prominent  keel  at  the 
base  of  each  whorl ;  this  keel  was  probably  serrated,  but  not  deeply. 
Below  the  keel  the  suture  is  not  very  strongly  defined,  but  there  is 
a  granulated  line  at  the  top  of  the  succeeding  whorl,  followed  by 
faint  transverse  lines,  which  are  slightly  decussated  by  fine  longi- 
tudinal lines  sloping  from  left  to  right.  Thus  the  character  of  the 
whorl  may  be  described  as  flat  with  very  shallow  sculpture,  sud- 
denly curving  upwards  at  the  base  into  a  very  prominent  keel. 

Relations  and  Distribution, — The  specimen  in  the  Leckenby  Col- 
lection is  the  only  one  known  to  have  been  found  in  Yorkshire.  It 
answers  fairly  to  Buvignier's  description  of  T.  acuticarina^  though 
it  must  be  admitted  that  the  figures  in  the  Stat.  geol.  de  la  Meuse 
are  not  very  like  the  one  in  the  accompanying  Plate  (IIL  Fig.  10). 
But  the  Yorkshire  specimen  is  very  imperfect  and  much  involved  in 
matrix.  Buvignier's  species  is  said  to  be  common  in  the  Coral  Rag 
of  the  Meuse  ;  it  is  not  quoted  from  the  Sequanien  of  Boulogne  nor 
by  Brauns  as  occurring  in  North  Germany. 

46. — Trochus  granularis,  sp.n.     Plate  III.  Figs.  11a,  h. 

Description, — Specimen  from  the  Corallian  of  Yorkshire  (Leckenby 

Collection). 

I^ng-th 8  millimetres. 

Width    8        „ 

Spiral  angle 64'*. 

Shell  conical,  trochiform,  nearly  equilateral.  Spire  composed  of 
few  whorls,  which  are  perfectly  flat,  scarcely  separated  by  suture, 
and  increase  with  great  regularity.  The  ornaments  consist  of  a 
number  of  close-set  transverse  costae,  which  are  conspicuously  granu- 
lated, the  granulations  being  small,  round  and  very  equal.  The 
body-whorl  has  four  rows  of  such  granulated  costae,  of  which  the 
lowest  one  is  the  most  conspicuous,  and  is  slightly  grooved  anteriorly. 
This  forms  a  prominent  margin  for  the  base  of  the  shell,  which  is 
nearly  flat  and  marked  by  fine  spiral  lines,  which  decussate  with 
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equally  fine  lines  of  growth.     No  umbilicus :  aperture  involved  in 
marix. 

Relations  and  DistrihiUton. — In  ornamentation  this  very  pretty 
Rpecies  approaches  Trochus  echinattduSy  Buvig.  (op.  eit  p.  38,  pi.  26, 
figs.  7  and  8),  from  the  Upper  Coral  Rag  of  Dun,  but  Buvignier's 
is  a  more  elongated  form.  The  Yorkshire  specimen  is  unique  at 
present. 

47. — Tkoohus  Aytonensis,  Blake  and  Hudleston,  1877.    Plate  III. 

Fig.  12. 

Trochus  Aytonensis  J  Blake  and  Hudleston,  1877,  Quart.  Journ.  Geol.  Soc.  toI.  xxiii. 

p.  365,  pi.  xiv.  fig.  Id. 

Description. — Specimen  from  the  small  shell -bed  in  the  base  of  the 

Coralline  Oolite  at  Pickering  (Leckenby  Collection). 

Len^h     6     millimetres. 

Width 6-6  „ 

Spiral  angle 60*. 

Shell  conical,  trochiform,  not  umbilicated.  Spire  composed  of 
whorls  which  are  fiat,  increase  with  great  regularity,  and  are 
scarcely  separated  by  the  suture.  Each  whorl  is  ornamented  with 
a  nodular  band  at  the  base,  and  three  rows  of  tubercles  above. 
These  tubercles  are  large,  well  cut,  and  drawn  out  transversely,  so 
that  each  tubercle  is  oval  rather  than  circular.  The  band  at  the 
base  of  the  body-whorl  forms  a  conspicuous  prominence,  and  is  worn 
nearly  smooth.     Base  nearly  fiat ;   no  ornaments  visible. 

Relations  and  Distribution. — From  the  previously  described  species 
the  difference  in  the  ornamentation  clearly  separates  it.  T,  Ayton- 
ensis has  affinities  with  T.  echinatuluSf  Buv.,  and  also  with  T.  cart- 
neUaris,  Buv.  (op.  cit.  p.  39,  pi.  27,  figs.  10  and  11).  ITie  tj'pe 
specimen,  described  by  Bl&ke  and  Hudleston,  is  from  the  Coral  Rag 
of  Ayton.     Only  three  specimens  are  known  at  present 

48.— Troohus,  sp.     Plate  III.  Fig.  13. 

Description, — Specimen  from  the  Coral  Rag  of  Brompton  (my 
Collection). 

Length     7     millimetres. 

Width      7-5  „ 

Spiral  angle     70". 

Shell  conical,  trochiform,  nearly  equilateral,  slightly  wider  than 
high.  The  spire  is  composed  of  few  whorls,  which  are  nearly  flat, 
and  ornamented  by  three  rows  of  granulated  costee,  the  anterior  row 
being  slightly  bicarinated,  so  as  to  make  a  sort  of  fourth  row.  Base 
flat ;  aperture  subquadrate. 

Tlie  specimen  has  suffered  to  a  certain  extent  from  exposure,  so 
tliat  the  character  of  the  ornaments  is  somewhat  indistinct.  Enough 
liowever  remains  to  show  that  it  cannot  be  referred  to  any  of  the 
species  previously  described. 

EXPLANATION  OF  PLATE  III. 

Fig.     1.  Keritopsis  decussata,  Miinster.       Coral  Rag  of  North  Grimston. 

Strickland  Collection.      x  li. 
,,       2a  k  b.       Keritopsis  Morcauatiay    D*Orbignv.       Coral   Rag  of   Brompton. 

Strickland  Collection.     Back  and  front,      x  1^. 
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Fig.   Zakb.       iVm^op«if  (^M^rrWyHebertandDeslongchamp.  Coral  Rag  probably 

of  Seamer  or  Ayton.     Strickland  Collection.      Back  and  front. 

X  IJ. 
3^.  Idem.    Leckenby  Collection.    Natural  size. 

ia&b.       Turbo    coralUfuia^    Buviniier.       Coral    Rag    of    Ayton.       My 

Collection.     Front  and  back,     x  2. 
bakb.       Turbo    Erinus,    D*Orbigny.      Coral    Rag    of    North   Grimston. 

Strickland  Collection.     Back  and  front,      x  2. 
6.  Turbo  lavii,  BuTignier.     Coral   Rag  of  Hildenley.      Strickland 

Collection.     Back  and  front,     x  2. 
7a  &  b.       Turbo  (Delphinula)  funiculatttSj  Phillips.   Coral  Rag  of  Brompton. 

Strickland  Collection.     Back  and  front,     x  l^. 
8a  &  b.        Turbo  {Delphinula)  Pellati,  De  Loriol.  Coral  Rag  of  Langton  Wold. 

My  Collection.     Fragment,  back  and  front,     x   l^. 
9.  Trochu9  ohaoletu9y  Rcemer.   Passage-beds  of  the  Lower  Limestones. 

My  Collection,     x  2. 
10.  Troehus  acuticarina^  BuTignier.  Corallian  of  Yorkshire.   Leckenby 

Collection,     x  2. 
11a  &  6.        Tioehua  granularis^  sp.n.      Corallian   of    Yorkshire.      Leckenby 

Collection.     Back  and  base,      x  2. 

12.  TroehuH  Aytonemts^  Blake  and  Hndleston.     Base  of    Coralline 
Oolite,  Pickering.    Leckenby  Collection,     x  2. 

13.  Troehus,  sp.     CoiSi  Rag  of  Brompton.     My  Collection.     Natural 
size. 

{To  be  continued  in  our  next  Number.') 
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n.--ON  A  Case  in  which  various  massive  Cbystalline  Rooks 
INCLUDING  Soda-Granite,  Quartz-Diobitb,  Norite,  Hobn- 
blendite,  Pyroxenite,  and  different  Chrykolitio  Rocks, 
WEKE  made  through  Metamorphio  Agencies  in  one  Meta- 
MORPHic  Process. 

By  Prof.  James  D.  Dana,  LL.D.,  A.M.,  For.  Merab.  Geol.  Soc.  Lond., 
of  Yale  College,  New  Haven,  Ct.,  U.S.A.^ 

THE  homblendic  and  associated  rocks  referred  to  in  the  above  title 
cover  a  large  part  of  the  township  of  Cortland — the  north-western 
of  Westchester  County,  New  York — between  Croton  River  on  the  south 
and  the  parallel  of  Peekskill  on  the  north,  an  area  of  about  25  square 
miles.  They  diflfer  widely  from  the  ordinary  rocks  of  the  county, 
and  may  well  be  designated  the  Cortland  series.  In  fact,  a  series  so 
remarkable  in  constitution,  so  diversified  in  kinds,  and  so  full  of 
geological  interest,  is  seldom  found  together  within  so  small  an  area 
anywhere  on  the  globe.  They  reach  the  banks  of  the  Hudson  just 
soath  of  the  Peekskill  railroad  station,  and  at  several  points  beyond  ; 
yet  considerable  portions  of  the  shore  region  are  occupied  by  narrow 
strips  of  common  kinds  of  mica  schist  and  gneiss,  and  occasionally 
limestone.  Leaving  Peekskill  by  South  street,  near  the  river,  the 
first  ledges  (6,  on  the  following  map)  consist  of  one  of  the  rocks  of 
the  series ;  and  to  the  eastward  of  the  village,  on  the  road  leading 
south-east,  only  half  a  mile  from  the  Academy  grounds  (adjoining 

*  This  article  is  one  of  a  series  by  Prof.  Dana  on  the  Limestone  belts  and  associated 
fwks  of  Westchester  County,  New  York,  published  in  the  American  Journal  of 
Science,  volume  20.  Westchester  County  is  the  Southern  County  of  Eastern  New 
York.  The  Hudson  River  bounds  it  on  the  west,  and  New  York  Island — the  site  of 
■^ew  York  City -on  the  south.  Its  rocks  are,  with  small  exceptions,  ordinary 
gneisses,  mica  schists,  and  crystalline  limestone. 
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wliich,  on  the  street  north,  an  evenly-bedded  mioa-sohist  of  the 
limestone  aeries  ontorops),  the  same  rooks  occur. 

South  of  Verplauck  they  extend  to  the  Hudson,  and  are  the  rooks 
of  Montrose  Point  and  the  northern  portion  of  Crager'a  Point 
JiiBt  here  the  river  heooraes  narrowed  to  one-third  of  its  width 
through  the  projection  of  these  points  and  of  an  equally  pronuDent 
headland  called  Stony  Point  on  the  opposite  side.    This  iaolatod 
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east-and-west  ridge  consists  of  rocks  related  to  those  of  Montrose 
and  Cruger*s  Points,  and  there  is  little  doubt  that  it  was  once  con- 
nected with  the  Montrose  region.  It  is  the  only  locality  of  the  rocks 
yet  observed  on  the  western  side  of  the  Hudson. 

The  accompanying  map  of  the  western  portion  of  the  town  of 
Cortland,  between  Peekskill  and  Cruger's,  together  with  the  Hudson 
River  adjoining,  contains  the  places  here  referred  to.  Its  scale  is  an 
inch  to  a  mile. 

The  occurrence  of  limestone  areas  in  close  proximity  to  the  rocks 
of  the  Cortland  series  is  a  fact  of  special  interest,  as  is  shown 
beyond.     These  areas  on  the  maps  are  those  horizontally  lined. 

A  brief  description  of  the  prominent  varieties  or  kinds  of  these 
Cortland  rocks  will  prepare  the  way  for  a  discussion  of  their 
lelation  to  the  other  rocks  of  Westchester  County. 

A,  Kinds  of  Rocks. 

The  more  prominent  peculiarities  in  the  constitution  of  these  rocks 
(as  learned  by  the  aid  of  thin  slices  and  microscopic  examination) 
are  as  follows : 

1.  The  felspars  are  chiefly  triclinic  species,  or  soda-lime  felspars, 
though  some  orthoclase  (potash-felspar)  is  also  often  present. 
They  are  therefore  distinctively  what  many  would  call  "plagioclase" 
rocks. 

2.  One  or  more  of  the  minerals  of  the  Amphibole  group — horn- 
blende, hypersthene,  augite — are  present  in  a  large  part  of  the  rocks ; 
of  these,  hypersthene  is  the  most  widely  distributed.  Its  crystals, 
which  are  sometimes  quite  perfect,  have  the  form  of  the  augite 
common  in  volcanic  rocks  except  that  they  are  not  oblique  ;  they  were 
ascertained  to  be  true  hypersthene  through  optical  methods  by  Dr. 
G.  W.  Hawes. 

3.  Black  mica  or  biotite  is  usually  present,  and  sometimes  abun- 
dantly, and  in  some  of  the  kinds  replaces  wholly,  or  nearly  so,  the 
iron-bearing  amphibole  minerals. 

4.  Quartz  is  not  a  prominent  ingredient,  and  in  general  is  only 
sparingly  present. 

5.  Chrysolite  is  a  characteristic  ingredient  of  some  of  the  common 
kinds. 

6.  Apatite  exists  in  microscopic  and  sometimes  visible  crystals  in 
all  the  varieties ;  the  largest  ciystal  observed  has  a  length  of  half 
an  inch  and  diameter  of  a  sixteenth.  Magnetite  is  present  in  grains, 
and  sometimes  constitutes  beds.  Pyrrhotite  also  is  disseminated 
through  most  of  the  rocks. 

These  crystalline  rocks  are  commonly  massive,  that  is,  without 
bedding.  They  are  everywhere  jointed,  and  for  this  reason  the 
ledges  are  generally  piles  of  large  and  small  blocks.  In  most 
places  they  undergo  easy  decomposition,  making  a  grey  or  iron -red 
soil  around ;  and,  as  the  joints  give  access  to  water,  the  outer  blocks 
in  the  pile  have  often  become  reduced  to  rounded  and  half-detached 
masses. 

The  rocks  may  be  divided,  for  the  convenience  of  the  stratigraphic 
disoassion  beyond,  into  (1)  the  non-chrysolitic,  and  (2)  tliQcKrijftoUlic. 
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The  former  include  fonr  groups,  based  on  the  iron-bearing  silicate 
prominent  in  the  kinds;  (A)  the  Homhlendic;  (B)  the  Hypersthenic ; 
(C)  the  Augitie  ;  and  (D)  the  Micaceous  or  Biotitic  ;  but  the  groups 
pass  into  one  another  by  intermediate  varieties.  The  chrysolite- 
bearing  kinds  are  either  (E)  homhlendic,  or  (F)  augitie,  or  (G) 
chiefly  chrysolite ;  but  here  again  intermediate  kinds  occur. 

In  the  following  descriptions  I  have  confined  myself  to  noting 
only  the  prominent  distinctions  so  far  as  necessary  to  the  strati* 
graphical  discussion  beyond.* 

A.  The  Homhlendic, — The  common  homhlendic  rock  resembles 
syenite,  but  contains  little  orthoclase  and  much  triclinic  felspar. 
The  latter  is  mostly  of  the  species  oligoclase,  according  to  an  optical 
measurement  on  cleavage  slices.  In  addition,  quartz  is  rather 
sparingly  present.  The  rock  contains  more  or  less  black  mica  and 
sometimes  much  of  it ;  and  as  the  mica  increases  at  the  expense  of 
the  hornblende,  the  rock  passes  into  soda-granite  (mentioned  beyond). 
The  quartz-diorite  has  the  same  relation  to  soda-granite  that  quarts 
syenite  has  to  potash  or  common  granite.  Garnets  are  rare.  The 
rock  is  often  a  very  coarsely  crystallized  rock  (i4a),  having  the  horn- 
blende crystals  large,  one-fourth  to  one-half  an  inch  being  a  common 
size,  and  an  inch  and  larger  also  common ;  and  not  unfrequently  the 
black  crystals  are  as  large  as  the  fingers,  and  occasionally  six  to 
eight  inches  long.  A  fine-grained  variety  (Ah)  has  a  blackish 
colour ;  and  this  variety  is  sometimes  porphyritic  {Ac) .  The 
micaceous  is  another  common  variety  {Ad),  Another  kind  {Ae)  is 
exceedingly  fine-grained,  and  consists  of  minute  grains  of  horn- 
blende along  with  similar  felspar  grains,  which  are  partly  ortho- 
clase ;  it  looks  much  like  hornblende  schist,  and  in  some  places  is 
schistose.  It  sometimes  contains  an  occasional  crystal  of  hyper- 
sthene.  Another  rock  of  the  region  is  honiblendite,  consisting  almost 
wholly  of  hornblende.  One  variety  {Af)  is  made  up  of  coarsely 
crystallized  black  hornblende;  another  {Ag)  of  grey  hornblende 
along  with  an  asbestiform  mineral.  The  black  homblendite 
graduates  into  diorite ;   and  again,  it  is  often  chrysolitic. 

B.  The  Hypersthenic, — The  typical  rock  of  this  division  {Ba)  is 
the  most  widespread  of  the  Cortland  series.  It  consists  of  triclinic 
felspars  (and,  according  to  some  trials,  yet  incomplete,  by  Dr. 
Hawes,  oligoclase  is  the  most  abundant),  hypersthene  in  grains  or 
quite  small  crystals,  with  frequently  more  or  less  biotite,  and  often 
some  orthoclase.  There  are  also  present  some  magnetite  and  apatite, 
frequently  traces  of  quartz,  and  generally  some  augite  or  hornblende. 
In  mineral  constitution  it  approaches  one  of  the  kinds  of  rock  that 
liave  been  called  both  norite  and  hypersthenite  or  hyperite.  The 
name  norite  is  here  given  it  j)rovi8ionally.  It,  however,  looks  more 
like  a  coarsish  dolerite  or  diabase  than  like  other  hypersthene  rocks. 

The  norite  has  commonly  a  dingy  brownish-red  colour  on  a 
surface  of  fracture,  owing  to  the  smoky-red  colour  of  the  felspar, 
but  varies  from  this  to  pale  grey  on  one  side  and  blackish-grey 

'  A  d(!tnil«l  study  of  the  n)cl£s  of  the  Cortland  repion  has  already  been  be^nn,  at 
my  suggestion,  by  the  accomplished  lithologist.  Dr.  G.  W.  Hawes. 
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on  the  other.  It  oocurs  along  the  railroad  hetween  Peekskill  and 
Montrose  station,  and  over  the  most  of  the  town  of  Cortland  east  of 
this  line,  and  to  some  extent  west 

This  rock  passes  into  a  felspathio  kind  {Bb),  consisting  almost 
wholly  of  the  felspars ;  and  into  a  micaceous  kind  (Be)  containing 
very  much  black  mica  with  little  hypersthene — a  very  common 
yariety,  often  occurring  close  alongside  of  the  ordinary  norite. 

Although  the  norite  is  generally  a  massive  rock,  it  is  occasionally 
distinctly  gneissic  in  structure,  and  sometimes  contains  a  few  garnets. 
The  schistose  variety  usually  abounds  in  black  mica,  or  contains 
more  quartz  than  other  varieties,  and  sometimes  more  orthoclase. 

C.  The  Augitie, — True  augitic  rocks  are  less  common  than  hyper- 
sthene rocks,  although  augite  is  present  in  most  of  the  massive  rocks 
of  the  Cortland  region.  The  chief  kind  (Ca)  is  pyroxenite — con- 
Bisting  mainly  of  pyroxene  or  augite,  with  sometimes  a  little  horn- 
blende ;  it  varies  from  a  very  coarse  rock  with  the  augite  crystals 
half  an  inch  across,  to  a  fine  granular  kind.  A  greenish-grey 
granular  variety  occurs  on  Stony  Point  in  its  chrysolitic  region. 
Another  kind  (Cb)  contains  much  triclinic  felspar  with  the  augite, 
and  is  here  called  atufite-norite^  A  local  variety  ( Cc),  related  to 
the  last,  is  light-grey  in  colour  and  smooth  in  fracture;  it  has 
a  whitish  felspathic  base,  seemingly  almost  felsitic,  speckled  with 
small  spots  or  points  of  dark  grey-green  augite,  and  only  traces  of- 
mica.  The  felspar  in  this  vanety,  as  slices  show,  is  actually  in 
fine  crystalline  grains;  almost  all  of  it  is  triclinic,  as  in  other 
varieties.     Chrysolitic  kinds  are  mentioned  beyond. 

D.  The  Micaceous. — The  micaceous  rocks  are  of  two  prominent 
kinds.  One  (Da)  is  like  a  coarse  granite  in  aspect;  but  its  fels- 
pathic portion  is  chiefly  triclinic,  and  quartz  is  sparingly  present. 
It  is  characteristically  a  soda-lime  granite,  although  containing  some 
orthoclase,  and  it  is  a  nearly  quartzless  variety  of  it.  The  mica  is 
almost  solely  biotite  or  black  mica.  It  is  called  beyond  soda-granite. 
Some  hornblende  or  augite  is  usually  present ;  and  apatite  is 
common  in  small  or  minute  disseminated  crystals.  It  is  sometimes 
sparingly  garnetiferous.  Good  examples  of  this  rock  occur  west  of 
Cmger*s  railroad  station  above  the  brick  yards ;  and  also  at  Stony 
Point,  where  it  is  the  prominent  rock.  At  the  former  locality  it 
graduates  into  the  quartz-diorite  ;  and  at  several  places  the  coarsest 
of  the  diorite  is  found  within  a  few  yards,of  the  typical  soda-granite. 

Another  kind  (Db)  is  a  fine-gmined  black  rock,  often  small- 
porphyritic.  It  owes  its  colour  and  texture  to  its  having  black  mica 
in  fine  scales  as  its  chief  constituent.  Like  the  preceding,  it  contains 
little  quartz,  and  the  felspar  is  almost  wholly  triclinic.  Hornblende 
and  augite  are  sparingly  present.  The  rock  is  therefore  a  micaceous 
"variety  of  the  soda-granite.  But,  though  ordinarily  massive,  it 
sometimes  has  distinct  indications  of  bedding.  The  rock  is  most 
common  in  the  vicinity  of  limestone  belts.     It  occurs  at  Centerville, 

'  This  rock  looks  like  the  norite,  but  contains  auj^to  in  place  of  hvperathene.  If 
its  felspar  is  chiefly  labradorite  (a  point  yet  in  doubt),  it  aoea  not  ditfer  in  mineral 
constitution  from  dolerite  or  diabase,  or  a  prominent  part  of  the  so-called  gabbro. 
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east  of  limestone  No.  4  (see  map),  and  also  north  of  this  limestone 
in  the  field  west  of  the  road,  where  it  is  conformable  with  the 
limestone. 

E.  The  Chryaolttic  Bocks. — ^The  chrysolitio  rocks  of  the  r^on 
have  no  resemblance  in  aspect  to  ordinary  chrysolitio  yoloanio  or 
igneous  rocks.  The  kinds  are  (1)  chrysolitic  honUtlendite,  (2)  chryso- 
litic  pyroxenite,  (3)  chrysolitic  norite;  and  these  graduate  not  only 
together,  but  also  into  a  rock,  in  which  chrysolite  is  the  chief  con- 
stituent. They  are  black  or  brownish-black  rocks,  and  are  mostly 
coarsely  crystallized,  the  hornblende  crystals  being  often  an  in<^ 
in  length  or  breadth;  and  the  chrysolite  is  in  grains  of  various 
irregular  forms  and  sizes,  distributed  through  these  crystals  as  well 
as  among  them,  and  not  in  well-formed  crystals.  In  general,  they 
contain  but  little  felspar,  and  this  is  triclinic ;  and  a  variety  inter- 
mediate between  the  homblendite  and  pyroxenite  is  common. 
They  contain  occasionally  black  mica,  but  no  quartz.  The  chrysolite 
is  more  or  less  altered,  as  is  shown  (when  examined  in  thin  slices) 
by  the  bordering  and  intersecting  bands  of  magnetite  and  viridite, 
and  in  some  cases  it  appears  to  be  changed  to  serpentine.' 

These  rooks  are  largely  exposed  along  the  western  half  of  the 
north  side  of  Stony  Point,  west  of  the  boat  pier  (the  area  is  lettered 
z  z'  on  the  map),  and  over  Montrose  Point,  as  well  as  in  its  vicinity; 
at  which  places  they  are  associated  with  norite  and  other  rocks  of 
the  series.  They  also  outcrop  in  eastern  and  southern  Cortland. 
The  most  eastern  locality  observed  is  within  half  a  mile  of  the 
eastern  border  of  the  town,  near  the  middle  of  the  three  "  emery  " 
mines  referred  to  beyond,  and  the  most  southerly,  a  short  distance 
east  of  Croton,  within  half  a  mile  of  Croton  Hiver. 

The  chrysolitic  rocks  are  the  most  decomposable  of  the  series, 
and  wherever  the  brown-black  ledges  are  crumbling  in  an  extra- 
ordinary way,  and  making  a  profusion  of  brown  sand  or  brown  or 
red  earth,  the  presence  of  chrysolite  may  be  suspected. 

F.  Iron  and  Emery  Mines, — This  Cortland  region  has  its  mines  of 
magnetite,  some  of  which  are  also  mines  of  emery.  The  containing 
rock  is  either  norite,  diorite,  or  soda-granite,  and  even  chrysolitic 
rocks  are  sometimes  near  by.  The  iron  ore  has  been  found  at 
several  points  within  a  mile  north  and  north-east  of  Cruger*s,  and 
also  three  or  four  miles  distant  in  the  eastern  part  of  the  township 
of  Cortland ;  but  the  amount  appears  to  be  small,  and  no  workings 
have  yet  proved  profitable.  The  ore  is  commonly  very  chloritio, 
and  contains  less  magnetite  than  the  appearance  and  weight  seem  to 
indicate. 

At  a  mine  three-fourths  of  a  mile  north  of  Cruger's  (at  «,  on 

'  These  chrysolitic  rocks  usually  have,  on  a  fresh  fracture,  the  cleavage  surfaces  of 
the  hornhlende  or  augite  spotted  with  chrysolite ;  hut  the  presence  of  chrysolite, 
however  ahundant,  cannot  be  made  certain' without  slicing  for  microscopic  examina- 
tion, since  the  chrysolite  is  slightly  altered  externally,  ana  such  spots  on  hornblende 
crystals  may  be  due  to  small  imbedded  crystals  of  augite.  If  the  cleavage  of  the 
hornblende  has  an  unbroken  surface,  it  is  probable  that  the  rocks  contain  no  chryso- 
lite.    The  homblendite  has  much  stronger  lustre  than  the  pyroxenite. 
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the  map),  the  inolading  rock  is  a  dark  reddish-brown  norite. 
The  ore  contains  much  chlorite,  as  shown  by  the  grey -green  tinge  of 
its  powder,  and  the  green  colour  of  transmitted  light  when  in  very 
thin  slices.  With  it  there  are  also  garnet  and  some  fibrolite  in 
rninate  short  needles.  South-east  of  this  locality  (at  v  and  to  on  the 
map)  other  openings  have  been  made.  Thin  magnetite  beds  occur 
also  on  Cruger's  Point,  in  the  soda-granite  and  quartz-diorite,  half 
a  mile  west  of  the  railroad  station.  The  material  is  fine-grained, 
nearly  black  in  colour,  chloritic  like  the  preceding,  and  is  usually 
associated  with  black  mica.  These  beds  are  the  subject  of  special 
descriptions  beyond. 

Among  the  localities  in  eastern  Cortland,  three  are  situated  in  a 
ridpje  or  mountain  running  northward  from  Colabaugh  Pond.  One 
is  at  the  southern  end  of  the  ridge,  just  north  of  the  pond  ;  another, 
near  the  road  crossing  it,  about  a  mile  farther  north  ;  and  the  third, 
at  the  north  end  of  the  ridge,  nearly  three  miles  from  the  pond, 
south  of  "  Summer  Hill."  The  magnetite,  at  each  of  these  places, 
contains  some  disseminated  corundum,  making  it  a  serviceable 
emery,  and  two  of  these  mines  have  been  worked  for  the  emery ; 
mnch  of  it  also  is  chloritic.  Fibrolite  in  small  needles  and  divergent 
tufts  is  found  with  the  ore  at  each  locality. 

(To  be  continued  in  our  next  Number.) 


Iir. — The  Glaciation  of  the  Shetland  Isles. 

By  B.  N.  Teach,  F.G.S.,  and  J.  Horne,  F.G.S., 
of  the  Geolojjical  Survey  of  Scotland. 

Reply  to  Mr.  Milne  Home's  Presidential  Address  before  the  Edinburgh  Geological 

Society,  May,  1880. 

IN  his  valedictory  address  as  President  of  the  Edinburgh  Geo- 
logical Society,  at  the  close  of  the  session  1879-80,'  Mr. 
Milne  Home  reviewed  our  recent  paper  on  '*  The  Glaciation  of  the 
Shetland  Isles."  *  In  his  address  he  not  only  called  in  question  our 
conclusions  regarding  the  direction  of  the  glaciation  of  these  islands, 
but  likewise  referred  to  the  discordance  between  the  observations  of 
Mr.  C.  W.  Peach  and  ourselves.  As  much  of  this  adverse  criticism 
is  based  on  a  misconception  of  the  real  nature  of  the  evidence  bear- 
ing on  the  question,  we  are  anxious  to  reply  to  some  of  the  points 
in  the  address  which  might  mislead  those  who  are  unacquainted  with 
the  subject. 

In  our  paper  we  endeavoured  to  show  that  there  were  at  least  two 
periods  of  glaciation  in  these  islands  ;  the  one  being  coincident  with 
the  cliraax  of  the  Ice  age,  during  which  the  islands  were  buried 
underneath  the  Scandinavian  mer  de  glaccy  while  the  other  was 
characterized  by  local  glaciers  which  radiated  from  the  high  grounds 
in  the  ordinary  wa}'.     We  stated  as  the  result  of  a  careful  examina- 

1  Trans.  Edin.  Geol.  Soc.  vol.  iii.  part  3,  p  357. 
^  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  778. 

DECADE  II. — VOL.    VIII. — NO.    II.  5 


66  B.  i\r.  Peach  and  J.  Horne — The  Olaciathn 

tioQ  of  the  striated  surfaces,  and  specially  of  the  dispersal  of  the  ston* 
in  the  Boulder-olay,  that,  during  the  primary  glaeicUion,  the  Scant! 
navian  ice-sheet  abutted  on  the  eastern  seaboard  of  Shetland  with 
W.S.W.  and  S.W.  trend,  and  after  reaching  the  crest  of  the  Mali 
land,  it  swung  round  to  the  N.W.  and  N.N.W. 

With  reference  to  this  statement,  Mr.  Milne  Home  makes  tl 
following  remark :  **  Even  on  the  east  coast  of  the  Shetlands,  whei 
the  striations  should  showaN.E.  direction,  there  is  no  uniformity  i 
that  direction.  Near  the  south  end  of  the  group,  viz.  at  Bressa 
and  Lerwick,  as  the  arrows  on  the  map  show,  the  direction  of  th 
strifid  is  not  from  N.E.  to  S-W.,  but  from  N.W.  to  S.E." 

No  reference  is  made  in  the  foregoing  sentence  to  the  fact  that  th 
south-easterly  stri»  at  Lerwick  and  at  certain  localities  in  Bressa; 
belong  to  the  period  of  local  glaciation.  Neither  is  any  allusioi 
made  to  the  existence  of  cross-hatches  along  the  shore  at  Lerwick 
the  older  markings  running  S.W.,  and  the  newer  ones  S.  40°  E 
Moreover,  we  distinctly  pointed  out  in  our  paper,  that  the  south 
westerly  movement  of  the  ice-sheet  during  the  primary  glaciation  ii 
the  Lerwick  and  Quarff  distncts  is  placed  beyond  doubt,  by  the  occur 
rence  of  striated  blocks  of  Old  Bed  Sandstone  grits  and  flags  in  th< 
Boulder-clay  on  the  west  side  of  the  island  near  Quarff.  On  th< 
otlier  hand,  we  indicated  that  the  presence  of  striated  fragments  o: 
schists  and  slates  from  the  Cliff  Hills,  in  morainic  deposits  in  th< 
neighbourhood  of  Lerwick,  points  to  a  local  radiation  of  the  io< 
which  was  only  powerful  enough  to  invade  the  north-western  part  o: 
the  island  of  Bressay. 

Kegarding  the  direction  of  the  ice-flow  in  Unst,  Mr.  Milne  Home 
says  :  "  Also  at  the  north  end  of  the  group  of  islands,  viz.  in  Unst 
tliough  the  authors  of  the  paper  represent  by  contour  lines,  and  alsc 
by  the  text,  the  direction  of  the  movement  to  have  been  from  N.E. 
to  8.W.,  considerable  doubt  must  be  felt  on  that  point  because  oi 
tlie  contrary  testimony  of  Mr.  C.  W.  Peach,  as  given  in  the  British 
Association  Eeports  for  1864.  Mr.  Peach  states  *that  ruts  and 
striflB  fell  under  his  notice  in  North  Unst,  on  the  cliff  at  Hag<lale  in 
Haroldsnick  Bay  ;  the  direction  being  nearly  W.N.W.  and  E.S.E.' 
Mr.  Peach  says  'that  in  ascending  the  Muckle  Heog  Hill,  which 
reaches  a  height  of  at  least  600  feet,  he  found  the  W.N.W.  end 
vertical  and  polished,  to  the  depth  of  150  feet.* " 

The  discrepancy  between  the  observations  of  Mr.  C.  W.  Peach 
and  ourselves  may  be  best  explained  by  quoting  from  a  letter  dated 
November,  1880,  which  he  has  kindly  forwarded  to  us,  and 
which  he  has  permitted  us  to  use  in  our  reply  to  this  address.  "  I 
send  you  a  copy  of  my  paper  on  Shetland,  read  before  the  Koyal 
Physical  Society,  Edinburgh,  in  which  I  stated  that  the  striae  on  the 
Muckle  Heog,  Unst,  ran  nearly  W.N.W.  and  E.S.E.  In  the  closing 
sentence  of  that  paper  I  also  stated  that  all  the  bearings  are  by 
compass,  no  allowance  having  been  made  for  variation.  This 
should  be  taken  into  consideration  and  the  deviation  allowed  for  as 
far  as  Shetland  is  concerned.  Since  I  wrote  that  paper,  having  seen 
much  more  of  the  glaciation  of  Scotland  and  thought  more  about  it, 
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I  have  seen  cause  to  alter  my  opinion  as  to  the  direction  of  the 
drift  over  Shetland,  viz.  the  opposite  of  what  I  inferred  in  my  paper 
to  the  Royal  Physical  Society.  At  the  time  I  wrote  (1864),  I  was 
much  puzzled,  when  examining  the  Boulder-clay  near  Hammer  in 
Balta  Sound,  to  find  mingled  with  the  striated  stones  of  serpentine, 
nnmerous  striated  stones  of  gabbro  from  Balta  Island  ;  and  then  at 
the  haunted  bum  of  Watlea,  where  the  black  shales  are  exposed  and 
in  which  lies  the  Boulder-clay  containing  smoothed  and  striated 
stones  of  serpentine  in  abundance,  when  beyond  the  Skaw  to 
Saxaford  Hill  I  met  with  no  trace  of  serpentine  or  gabbro  stones, 
although  I  searched  rather  carefully.  I  now  feel  quite  satisfied, 
that  although  I  noticed  the  bearing  of  the  striae  right,  I  was  wrong 
as  to  the  direction  the  drift  came  from.  At  that  time  I  was  full  of 
dredging  matters,  and  my  mind  ran  so  much  after  Hydrozoa, 
Polyzoa,  Crustacea,  Mollusca,  etc.,  that  I  hetd  little  time  for  examin- 
ing the  glaciation  of  the  islands,  and  hence  the  oversight  and  neglect 
of  the  warnings  of  Hammer  and  Watlea,  for  which  I  am  sorry." 

The  candid  admissions  contained  in  this  letter  enable  us  to 
account  for  the  discordance  between  the  recorded  observations  of 
Mr.  C.  W.  Peach,  in  1864.  and  ourselves.  We  visited  the  locality  at 
Hagdale,  referred  to  by  Mr.  Peach,  sen.,  and  confirmed  the  accuracy 
of  his  observations  so  far  as  the  magnetic  readings  are  concerned. 
When  due  allowance  is  made  for  the  magnetic  deviation,  the  true 
direction  of  the  ice-flow  at  Hagdale  is  nearly  E.  and  W.,  as  noted  by 
us.  Along  the  eastern  seaboard  of  Unst.  however,  the  strias  vary 
from  W.  to  W.  80^  S. ;  the  westerly  trend  being  more  prevalent  in  the 
northern  part  of  the  island.  From  the  foregoing  letter  it  is  also 
evident  that  Mr.  0.  W.  Peach  bad  observed  certain  facts  connected 
with  the  dispersal  of  the  stones  in  the  Boulder-clay  which  un- 
questionably point  to  the  westerly  movement  of  the  ice.  He  noted 
the  occurrence  of  gabbro  stones  from  Balta  Island  in  the  Boulder- 
clay  at  Hammer,  and  striated  serpentine  fragments  in  the  Boulder- 
clay  at  Loch  Watlea  to  the  west  of  the  serpentine  area.  These  facts 
are  not  referred  to  in  any  of  the  papers  which  he  wrote  on  the  subject 
at  that  time,  doubtless  for  the  simple  reason  that  they  are  inexpli- 
cable on  the  hypothesis  which  he  then  adopted  of  an  ice-movement 
from  the  W.N.W.  and  N.W.  Had  he  found  time,  in  the  midst  of 
his  dredging  operations,  to  traverse  the  western  shore  of  Unst, 
between  Woodwickand  Belmont,  he  would  have  met  with  still  more 
convincing  proofs  of  this  westerly  movement  in  the  presence  of 
serpentine  and  gabbro  stones  in  the  Boulder-clay,  which  must  have 
heen  carried  across  the  water-shed.  Indeed,  so  abundant  are  these 
striated  fragments  in  this  deposit  on  the  west  coast,  that  it  is  im- 
possible to  escape  the  conclusion,  that  the  ice  must  have  crossed 
Unst  from  the  North  Sea  to  the  Atlantic. 

In  1868,  Mr.  C.  W.  Peach  informed  Dr.  Croll '  that  a  minute 
examination  of  the  shelly  Boulder-clay  of  Caithness,  continued  for 
several  years,  had  led  him  to  the  conclusion  that  the  ice  must  have 

I  Gbol.  Mag.  1870,  p.  212, 
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croRsed  the  low  grounds  of  that  country  from  the  S.E.  towards  the 
N.W.  His  faith  in  the  north-westerly  movement  in  Unst  seems 
then  to  have  wavered,  hut  no  suhsequent  opportunity  was  afforded 
him  of  re-visiting  Shetland  to  examine  the  evidence  anew. 

To  quote  further  from  the  address :  '*  Mr.  Peach  is  a  geologist  of 
such  experience  and  strict  accuracy  that  ohservations  hy  him  need  no 
corrohoration ;  but  Professor  Greikie,  in  an  article  in  'Nature,'  of 
17th  September,  1877,  refers  to  the  foregoing  report  by  Mr.  Peach, 
and  says  that  from  his  own  observations  he  can  speak  confidently  as 
to  the  correctness  of  Mr.  Peach's  determinations."  In  the  article 
referred  to,  Professor  Oeikie  confirms  Mr.  Peach's  determinations 
only  with  reference  to  the  occurrence  of  abundant  striated  rook 
surfaces,  and  Boulder-clays  with  striated  stones,  in  the  Shetland 
islands,  the  existence  of  which  had  been  doubted  by  S.  Laing,  Esq , 
M.P.  He  carefully  avoids  expressing  any  opinion  regarding  the 
direction  of  glaciation  of  these  islands,  and  so  far  as  we  are  aware  he 
has  never  published  any  opinion  on  this  question. 

Mr.  Milne  Home  further  says :  "  With  regard  to  the  west  coast  of 
the  islands,  where  the  markings  are  N.W.  and  S.E.,  the  authors 
state  that  these  indicate  a  movement  from  the  S.E.  But  the  nature 
of  the  evidence  to  show  that  the  movement  was  from  the  S.E.  and 
not  from  the  N.W.  is  not  given." 

We  are  at  a  loss  to  understand  how  any  one  who  has  attentively 
read  our   description  of  the  Boulder-clay  sections,  could  possibly 
conclude  that  the  nature  of  the  evidence  for  the  north-west  move- 
ment on  the  west  side  of  the  Mainland  is  not  given.      We  described 
with  considerable  minuteness  a  series  of  Boulder-clay  sections^  ex- 
tending across  Northmavine  from  Ollaberry  by  Hillswick,  Braewick. 
Tan  wick,  to  the  Grind  of  the  Navir  and  similar  sections  along  the  banks 
of  Koeness  Voe.    On  referring  to  the  map  accompanying  our  paper,  it 
will  be  seen  that  the  lithological  varieties  of  the  rock- masses   along 
tliese  lines  of  section  are  so  distinct  as  to  render  it  an   easy  matter 
to  determine  the  direction  of  the  ice- movement,  from  the  dispersal  of 
the  stones  in  the  Boulder-clay.     We  distinctly  indicated  that  the  ice- 
carrv  between  the  diorite  area  east  of  Hillswick  and  the  cliffs  north 
of  the  Grind  of  the  Navir  was  towards  the  north-west     We  pointed 
out  that  the  quartz-felsite  and  granitic  area  was  invaded  by   the 
diorite  stones,  and  the  area  occupied  by  the  contemporaneous  por- 
phyrites  and  tuffs  was   invaded  by  the  diorite  and   quartz-felsite 
stones  ;  the  relative  ingredients  diminishing  in  number  in  proportion 
to   the   distance  from   their  parent   source.      Furthermore,  in  the 
peninsular  tract  which  lies  to  the  west  of  Weesdale,  we  stated  that 
oorroboiative  evidence  is  obtained  of  this  north-westeriy  movement 
on  the  west  side  of  the  Mainland.     To  the  east  of  the  north  and  south 
bomuling  fault   which    crosses  the   peninsiila  from    Aiths   Yoe   to 
liixotter  and  Selie  Voes,  no  trace  of  the  altered  Old  Ked  Sandstone 
rocks  are  to  be  found,  either  in  the  Boulder-clav  or  on  the  surface, 
M'hile  numerous  blocks  of  the  epidotic  syenite  and  the  associated 

^  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  796,  et  seq. 
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gneisses  and  schists  are  met  with  to  the  west  of  the  fault.  AtuI  ro 
also  in  the  island  of  Papa  Stour  numerous  striated  blocks  of  the 
altered  Old  Bed  rocks  from  Sandness  Hill  are  commingled  in  the 
mraine  profonde  with  fragments  of  the  local  porphyry  and  contem- 
poraneous diabase  porphyrites,  while  in  the  neighbourhood  of  Melby 
the  Boulder-clay  sections  may  be  searched  in  vain  for  blocks  derived 
from  Papa  Stour.  It  requires  only  a  moment's  reflection  to  see  that 
the  phenomena  would  have  been  precisely  the  reverse  of  what  we  have 
jiist  described,  had  the  ice-movement  been  from  the  north-west,  an 
Mr.  Milne  Home  imagines.  Indeed,  as  we  stated  in  our  paper,  '*  the 
evidence  obtained  from  the  Boulder-clay  along  these  lines  of  section 
completely  refutes  the  theory  that  these  north-westerly  striro 
ooold  have  been  produced  by  ice  coming  from  the  North  Atlantic." 

Mr.  Milne  Home  concludes  his  review  by  stating  that  **  the  authors 
of  this  paper,  besides  maintaining  that  the  Shetlands  were  glaciated 
by  a  mer  de  glace  from  Scandinavia,  have  gone  so  far  as  to  suggest 
that  the  whole  of  Scotland  underwent  a  glacial  invasion  from  the 
same  quarter ;  and  they  give  reasons  for  this  opinion  which  are  not 
very  intelligible." 

The  only  ground  for  this  statement  is  the  following  sentence  in 
the  conclusion  of  our  paper :  "  The  land-ice  which  glaciated  Scotland 
could  only  have  come  from  Scandinavia,  as  the  striated  surfaces  clearly 
point  in  that  direction."  Owing  to  an  unfortunate  printer's  error,  for 
which  we  are  sorry,  the  word  Scotland  in  the  foregoing  sentence  has 
been  substituted  for  Shetland ;  an  error  which  is  self-evident  to 
any  ordinary  reader  after  a  careful  perusal  of  the  context.  We  do 
not  believe  that  any  part  of  Scotland  was  ever  over-ridden  by  the 
Scandinavian  mer  de  glace  ;  indeed,  there  is  not  the  slightest  evidence 
in  support  of  such  an  hypothesis.  So  far  from  this  being  the  case,  we 
have  advanced  sufficient  evidence  to  prove  that  the  Scotch  ice-sheet 
niust  have  spread  far  enough  over  the  floor  of  the  North  Sea  as  to 
over-ride  the  Orkney  Islands.* 

We  have  now  disposed  of  the  various  points  in  this  address  which 
are  likely  to  mislead  the  general  reader.  We  have  spent  our  annmil 
holidays  for  four  years  in  working  out  the  glacial  phenomena  of 
Shetland,  Orkney  and  Caithness,  with  a  view  to  determine  the 
question  of  the  extension  of  the  ice  in  the  North  Sea  during  the 
Glacial  period.  In  the  course  of  these  traverses  we  have  amassed 
a  great  amount  of  detailed  evidence,  which  cannot  readily  be  in- 
corporated in  the  pages  of  a  scientific  publication  like  the  Quarterly 
Journal  of  the  Geological  Society.  We  have  had  to  content  our- 
selves with  merely  summarizing  the  evidence.  We  can  only  state, 
however,  that  our  repeated  traverses  have  left  no  escape  from  the 
conclusion,  that  during  the  climax  of  the  Glacial  period^  the  direction 
of  the  ice-movement  in  Shetland,  Orkney,  and  Caithness  was  from  the 
North  Sea  and  the  Moray  Firth  towards  the  Atlantic. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxxvi.  p.  648. 
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1  v.— Notes  on  a  Colleotion  of  Biyalved  Entomobtbaoa  and 
other  migbozoa  from  the  ijpper  -  silurian  sxbata  of  the 
Shropshire  District. 

By  J.  SsnTHy  Esq.,  of  Kilwinning. 

With  a  Provisional  List  of  Species,  by  Prof.  T.  Rupert  Jonbs,  F.R.S.» 

President  Geol.  Assoc. 

Imtroduotion. 

T\R.  HARVEY  B.  HOLL,  F.G.S.,  has  obtained  many  very  perfect 
X/  Silurian  Entomostraca,  and  the  late  Lieutenant  Henry  Adrian 
Wyatt-Edgell  got  some  good  specimens  from  the  Border  Counties ; 
and  indeed  Dr.  HoU  made  an  extensive  and  valuable  colleotion 
from  the  limestones  and  shales  of  the  neighbourhood  of  Malvern ; 
nor  has  his  collection  been  fully  described  and  illustrated  as  yet, 
although  several  selected  forms  have  been  published  in  the  "  Annals 
of  Natural  History,"  for  December,  1866,  and  March,  1869.  The 
remarkably  rich  collection  of  Silurian  Entomostraca,  however, 
])rought  together  by  Mr.  J.  Smith,  of  Kilwinning,  contains  some  of 
the  finest  specimens  yet  seen ;  and  the  following  notes  on  the  places 
w'here  they  were  obtained,  and  a  list  of  the  species  (although 
provisional  only,  and  not  fully  worked  out),  must  be  of  interest,  and 
probably  of  some  practical  value  both  to  the  geologists  of  Shropshire 
and  to  paleontologists  in  gcneral.^-T.  R.  Jones. 

I. — Method  of  Preparation  and  Search. 

The  plan  taken  in  searching  the  following  localities  for  Entomo^ 
straca  and  other  Microzoa  was  to  collect  on  the  shale-banks,  whei'e 
that  material  was  thoroughly  decomposed,  in  natural  sections  and 
old  quarries,  always  lifting  some  of  the  larger  fossils  along  with  the 
decomposed  shale.  After  collecting  ten  or  twelve  pounds  weight  of 
the  shale,  all  over  the  spoil- banks  or  the  section,  so  as  to  get  a  fair 
average  sample,  it  was  put  into  a  small  riddle,  with  \  inch  mesh, 
and  washed  in  the  nearest  water  into  a  buckram  bag,  three  feet  long 
by  ten  inches  wide,  the  larger  fossils  remaining  in  the  riddle.  The 
shale  was  then  further  washed  in  the  bag  until  most  of  the  fine  mud 
(decomposed  shale)  had  floated  away  through  the  meshes  of  the 
buckram.  After  taking  this  home  (reduced  now  in  weight  to  a  few 
ounces),  it  was  first  dried,  then  boiled  in  water  for  half  an  hour,  and 
then  washed  in  a  basin,  clean  water  being  added  until  all  the  fine 
mud  had  floated  away.  In  the  process  of  washing,  care  was  taken 
only  to  pour  the  water  on  the  shale,  never  to  rub  it  with  the  hands, 
as  this  treatment  is  sure  to  break  delicate  fossils,  such  as  Sponge- 
spicules,  Conodonts,  etc.  The  washed  material,  having  been  dried, 
was  successively  passed  through  four  fine  sieves,  from  i^th  to  eVth 
of  ail  inch  in  tlie  mesh.  The  coarser  material  was  searched  with  the 
naked  eye,  and  the  finer  under  the  microscope. 

II. — The  Localities  of   the   Upper- Silurian  Entomostraca  and  other 

Microzoa, 

1.  Walsall.— This  gathering  was  taken  at  Blue  Holes,  near  the 
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Bashall  Canal.    It  turned  out  rather  poor,  only  a  few  Brachiopods 
having  been  got  besides  the  Entomostraca  mentioned  in  the  list. 
One  species  of  Entomostraca, 

2.  Sbdolet. — ^Wenlock-Limestone  Shale.  This  fine  yellowish 
shale  yielded  several  species  of  small  Brachiopods,  some  fragments 
of  Crinoids  and  Folyzoa,  but  was  by  no  mesuas  rich  in  Miorozoa. 

Two  species  of  Entomostraca. 

3.  The  Wren's  Nest,  near  Dudley. — ^The  gathering  of  shale 
from  this  locality  was  particularly  rich  in  small  Brachiopods. 
Fragments  of  Crinoids  were  not  uncommon.  A  few  pieces  of 
Polyzoa  and  some  Spirorbes  turned  up. 

Three  or  four  species  of  Entomostraca. 

4.  Dudley-Castle  Grounds. — This  gathering  contained  a  number 
of  small  Brachiopods,  and  fragments  of  Crinoids,  Polyzoa,  and 
Teniaculites. 

Three  species  of  Entomostraca. 

5.  Dudley-Tunnel  D£beis.  —  The  Miorozoa    in  this  lot  were 
mostly  small  Brachiopods.     This  is  a  good  locality  for  the  collector 
of  the  larger  Silurian  fossils,  if  he  likes  to  dig  into  the  shale-heaps. 
We  have  seen  splendid  specimens  of  Corals,  etc.,  from  this  place 
such  as  the  Chain,  Pipe,  Honey-comb,  Sun,  and  other  Corals. 

Four  species  of  Entomostraca, 

6.  Bailway-Cutting,  Coalbrookdale. — This  gathering,  a  fine 
yellowish  shale,  was  exceedingly  rich  in  Microzoa,  including  an 
abundance  of  Entomostraca,  Small  Brachiopods  were  plentiful, 
Crinoids  common  (more  than  30  small  "heads  "  turned  up),  several 
specimens  of  small  rugose  Corals  and  Polyzoa.  Fragments  of  the 
eyes  of  Trilobites,  showing  both  the  inside  and  outside  of  the  facets, 
were  not  uncommon.  Small  specimens  of  Tentaculites  were 
frequent 

Three  or  four  species  of  Entomostraca, 

7.  Kailway-cutting  by  the  side  op  the  Severn  near  Iron- 
bridge. — This  section  is  exposed  in  the  railway -cutting  on  the  west 
ride  of  the  river,  nearly  opposite  the  Swan  Hotel.  The  shale  in 
the  cutting  lies  about  150  feet  below  the  Benthall-Edge  Limestone 
(Wenlock).  It  is  richer  in  Entomostraca  than  any  other  Silurian  shale 
wbich  I  have  examined.  As  usual,  small  Brachiopods  are  common. 
Remains  of  Crinoids  and  Polyzoa  not  un frequent 

Eighteen  or  more  species  of  Entomostraca, 

8.  Bknthall  Edge. — This  picturesque  locality  should  not  fail  to 
Iw  visited  by  the  student  of  Silurian  Palaeontology.  Here  abundance 
of  the  larger  Silurian  fossils  are  always  to  be  obtained.  Corals, 
Brachiopods,  and  Gasteropods  are  common  ;  and  good  Trilobites 
sometimes  turn  up  to  the  diligent  searcher.  With  the  Microzoa 
the  Brachiopods,  as  usual,  predominate.  Crinoidal  remains  are 
frequent.  Some  small  Gasteropods  and  a  few  Spirorbes  occurred 
in  this  gathering. 

Four  species  of  Entomostraca, 

9.  Lincoln  Hill. — This  locality  is  exactly  behind  the  Swan  Hotel, 
iTonbridge.     Small  Brachiopods  and  Crinoids  are  frequent.     A.  few 
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Polyzoa  and  a  laige  number  of  SpirorbeB  were  found  in  ibis  lot. 
Several  small  rugose  Corals  also  were  got. 
Five  or  six  species  of  Entomostraca. 

10.  Gleedon  Hill. — Fine  yellowisb  sbale,  in  a  quarry  by  side  of 
the  railway,  between  Buildwas  and  Muoh-Wenlock.  Small  Bracbio- 
pods  and  Orinoids  frequent ;  Polyzoa  rare. 

One  species  of  Entomostraca. 

11.  Railway-cutting  near  Muoh-Wknlook. — Tbia  section  is 
about  a  mile  N.E.  from  Muob-Wenlock  Station.  Fine  yellowish 
shale.  Small  Bracbiopods  are  common  in  this  shale.  A  few 
Spirorhes  and  some  fragments  of  Polyzoa  turned  up. 

Five  species  of  Entomostraca, 

12.  Eskah-Enoham. — This  locality  is  about  two  miles  west  from 
Newent.  Fine  yellowish  shale  in  an  old  quarry.  Contains  frequent 
Bracbiopods,  Polyzoa,  and  Crinoid  remains. 

One  species  of  Entomostraca, 

13.  WooLHOPE.— Small  quarry  on  the  Ledbury  Boad,  about  one 
mile  from  Woolhope  Inn.  Fine  bluish  shale.  Small  Bracbiopods 
common;  Crinoids  frequent  A  large  number  of  beautiful  frag- 
ments of  Polyzoa  were  met  with  in  this  gathering. 

Ten  or  eleven  species  of  Entomostraca, 

14.  DoRMiMGTON  WooD. — Three  miles  S.W.  from  Stock-Edith 
Station.  Fine  bluish  shale.  The  larger  Silurian  fossils  abundant 
Small  Bracbiopods  and  Crinoids  frequent;  with  a  few  fragments  of 
Polyzoa. 

Two  species  of  Entomostraca, 

15.  Stock-Say. — About  two  miles  south  of  Craven  Arms  Station. 
Fine  yellowish  shale  in  an  old  quarry.  Small  Biucbiopods  abundant 
Polyzoa,  Crinoids,  Spirorhes,  and  Tentaculites  frequent. 

Three  species  of  Entomostraca. 

16.  Malvern  Tunnel. — 16a.  Bed  Shale. — This  section  is  in  the 
railway-cutting  at  the  west  end  of  Malvern  Tunnel.  The  shale  is 
not  80  fine-grained  as  any  of  the  preceding.  Small  Bracbiopods, 
Crinoids,  and  rugose  Corals  frequent  Minute  Tentaculites  were 
common  in  this  gathering. 

Three  species  of  Entomostraca, 

166.  Blue  bhale, — At  the  same  place  as  the  last,  but  rather  nearer 
the  mouth  of  the  tunnel.  Like  the  last,  this  shale  is  rather  coarse- 
grained.    Few  minute  fossils. 

Two  species  of  Entomostraca. 

III. — Further  Observations, 

In  all  the  above-mentioned  gatherings  of  shale,  I  failed  to  find 
even  a  single  small  specimen  of  either  a  Cephalopod  or  a  Lamelli- 
branch  ;  and  very  few  lar^e  ones  belonging  to  these  orders. 

Pearls  (?). — In  the  shale  at  Sedgley,  Woolhope,  Dormington, 
Lincoln  Hill,  Benthall  Edge,  and  Gleedon  Hill,  a  number  of 
minute  spheroidal  bodies  occurred.  Some  are  silvery  white,  some 
yellowish,  and  others  of  a  dark-brown  colour  when  viewed  by  re- 
flected light   All  of  them  have  a  peculiar  pearly  lustre.    One  that  had 
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been  split  through  the  isiddle  shows  a  concentric  laminated  structure.* 
Oa  washing  some  of  the  rotted  limestone  from  the  Much- Wen  lock 
quarries,  I  found  these  pearls  (?)  very  abundant. 

Foraminifera  (?). — Lagena-like  bodies  were  got  from  the  gatherings 
at  Lincoln  Hill,  the  Kail  way -cutting  by  side  of  the  Severn,  Benthall 
Edge,  Woolhope,  and  Dormington. 

Conodonts. — At  the  Wren's  Nest,  Dudley  Tunnel,  Benthall  Edge, 
Lincoln  Hill,  Oleedon  Hill,  and  Dormington  Wood,  a  few  Conodonts 
were  found  in  the  washed  shale.  Conodont-s  are  very  abundant  in 
a  rotted  limestone  (Upper-Silurian)  near  the  Craven  Arms.  No 
Entomostraca  were  found  in  this  rotted  limestone. 

Spimge-spicfdes, — From  the  gatherings  at  the  Wren's  Nest, 
Lincoln  Hill,  Benthall  Edge,  Dormington  Wood,  and  Malvern 
Tunnel,  a  few  three-  and  six-rayed  Sponge-spicules  were  got. 

Spicules  of  Hyalonema  (?)  are  very  abundant,  along  with  the 
Conodonts,  in  the  rotted  limestone  near  the  Craven  Arms. 

IV.— List  of  Species  (provisional)  of  Bivalve  Entomostraca,  etc.,  collected  by 
Mr.  J.  Smith,  of  Kilwinning,  from  the  Upper- Silurian  Formations  of  Shropshire. 
By  Professor  T.  Rupert  Jones,  F.R.S.,  F.G.S. 

I.  Blue  Holes,  Rushall  Canal,  Walsall. 

Beyrickia  Kicedem,  M'Coy,  var.  intermedia.  }oti^, 
„  „         M'Coy,  var.  subtorosaf  Jones. 

^  Sedgley. 

Primiiia  Raenunana^  Jonet  &  Holl. 

Cy there  corbuJaides  (?),  J.  &  H. 

Lagena  vulgaris ^  Williamson,  var.  clavaia^  D'Orb. 

PearUKi), 

3-  The  Wren's  Nest,  Dudley. 

^'rimitia  variolata,  J.  &  H. 
Beyrtchia  Kldedeni,  M*C. 

„  „  „      var.  tuberculatay  Salter. 

Spirorbis. 
Conodonts.     Spicules. 

4*  Dudley  Castle  Grounds. 

Pnmxtta  Reenter iana,  J.  &  H. 
Beyrickia  h'ltedeniy  M*C. 

M  „  var.  torosa  (with  large  lobes),  Jones. 

Cythere,  sp. 

5*  Dudley  Tunnel. 

Ptimitia  Salteriana^  Jones  (?  =  P.  prunella^  Barrande). 

Beyrickia,  sp.  ? 

Cjftherella,  sp. 

Cytkere  bilobata  (?),  Munster.     (A  Carboniferous  form.) 

Conodonts. 

0.  Railway-cutting,  Coalbrookdale. 

/Echmina  cuspidata  (?),  J.  &  H. 
Primitia  variolata  (?),  J.  &  H. 
Beyrickia  Klaedeni^  M'C. 
»  ,1  var.  ? 

7-  Railway-cutting  by  the  side  of  the  Severn,  Ironbridge. 
Primitia  renulina,  J.  &  H. 

„         wiriolata,  J.  8c  H. 

„        Salteriana,  J.,  var.  (bituberculate)  ? 

„        sp.    (Long,  like   P.  protenta,  J.,  but  without   the  two  tubercles;   and  like 
P./usus,  Barrande,  but  more  cylindrical). 
Kirkbya,  sp.  ? 
Beyrickia  Klaedeni,  M'C.    (In  old  and  other  conditions.) 

»  >»         var.  intermedia,  J.     (With  a  big  lobe.) 

,f  ,t         var.  ? 

K  T)?^^^  small  spherical  bodies  regarded  as  fossil  pearls  were  described  and  figured 
Dy Prof.  John  Morris,  in  the  ''Annals  Mat.  Hist."  for  August,  1851.  One  specimen 
^^  from  a  Jurassic  Gryphaa^  obtained  from  the  Drift  at  Muswell  Hill  near  London  ; 
^  the  others  were  from  the  Chalk  of  Kent. 
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Beyrickia,  sp.    (Very  mnch  like  B,  reuUaia,  J.  fc  K.  MS.,  a  Carboniferoas  form 

.»  •?• 

jSckmina  cuspidaia,  J.  &  H. 

Tklipsura  corpuJenia,],  &  H. 
.,  V'ScuU/a,  J.  fc  H. 

Cy there  corbuloiaea  (?).  J*  &  H. 

bilobaia  (?),  MtTaster.    (A  Carboniferous  form.) 


„      a  «p. 


Paracyprii,  sp.    (Like  a  long  Bairdia  ?) 
Poly  cope  ? 

8.  Benthall  Edge. 

Primiiia  varwlafa  (?),  J.  &  H. 
Beyrickia  Klcedeni,  M'C. 
C^'tkerellat  sp.  ? 
Cyikere,  sp.  ? 

Conodonts.    SficuUi.    Pearls  (?). 

9.  Lincoln  Hill,  Ironbridee. 

Primiiia  RoetHeriana^  J.  &  H. 
,,        variolata  (?),  J.  &  H. 

Beynckia  Kkedeni  (?),  M'C. 
Cyihere^  sp. 

Conodonis,    Spicules,    Pearls  (?). 

10.  Gleedon  Hill,  Much-Wenlock. 

Beyrickia  iuberculaia^  Klosden.    (Fine  old  specimen.) 
Conodonls,    Pearls  (f ). 

11.  Railway-cutting  near  Much-Wenlock. 

Primitia^  sp.    (Long  form,  like  that  in  No.  7.) 
Beyrickia  Kloedenit  M'C,  var.  intermedia,  J. 

M  sp. 

Tklipsura  tuberosa^  J.  &  H. 
Cytkere^  sp. 
Spirorbis, 

12.  Eskam-Engham,  near  Mayhill. 

Iklipsura,  sp.    (Very  faint  end-mark.) 

13.  Woolhoj>e. 

Isockilina  (or  Leperdiiia  f),  sp. 
Primiiia  excava/a,  J.  &  H. 

„        sp.    (Reticulate.) 

„        sp.    (Oval.) 
ySckmina  cuspidaia,  J.  &  H. 
Beyrickia  iuberculaiaif)  Kloeden.    (Old  individual.) 

„        Klaedeni^  M'C. 

„  „       var.  tuberculaia,  Salter. 

„  „       var.  ? 

,,        sp.  ? 
Cvtkerellaf  sp.  ? 
tklipsura^  sp.  ? 
Lagena. 
Pearls  (?). 

14.  Dormington  Wood,  Benthall  Edge. 

Beyrickia  Klcedeni {}),  M'C. 

Tklipsura  corpulenlaf  J.  &  H. 

Lagena. 

Spirorbis, 

spicules ,    Pearls  (?). 

15.  Stocksay. 

Primiiia  variolata  (?),  T.  &  H.     (Crushed  specimen.) 
Beyrickia  iuberculata,  Klceden.     (Cast.) 
Cyiherella,  sp. 

Cy/here,  2  sp.    (Resembling  C.  cegualis,  J.  &  K.  MS.,  and  C.  oblt^a,  J.  8c 
from  the  Carboniferous  Formations.) 

16.  Malvern  Tunnel,  West  End. 

a.  Red  Shale. 

Primitia  Rameriana  (?),  J.  &  H. 
Tklipsura  corpulenta,^.  &  H. 
Cyfhere,  2  sp.    (Like  those  in  No.  15.) 
Spicules. 

b.  Blue  Shale. 

Thhpsura  corpulenia^  J.  &  H. 

Cyikere,  sp. 

S/icuies» 
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17.  Craven  Arms,  rotten  limestone  near  the. 
spicules  {y  and  6-rayed). 
Ctmodonis, 
Pearls  (?). 

'^t  Lagentg  (mounted  on  one  slide)  from  Lincoln  Hill,  the  Railway-cutting  at 

Ironbridge,  Dormington,  Woolhope,  and  Benthall  Edge,  comprise : 
Lagena  vulgaris,  Williamson,  var.  krvts^  Montaeu  (with  tubuliferous  neck). 

„  yt  „  „    clavaia,  D'Orb. 

„  „  „  „    sulcata.  Walker  and  Jacob. 

The  close  oorrespondence  of  the  Becent  with  these  Silurian  forms 
is  very  noteworthy. 

The  presence,  also,  of  some  Entomostracan  species  apparently 
ideDtical  with  Carboniferous  forms  is  to  be  noted  as  an  additional 
example  of  recurrence  (like  the  Silurian  Beyrichia  intermedia  in  the 
Carboniferous  Limestone  of  Russia).  The  presence,  also,  in  these  old 
deposits  of  Eniomosiraea  indistinguishable,  as  to  valves,  from  recent 
genera,  should  not  be  lost  sight  of. 

I  submitted  Mr.  Smith's  Collection  of  Upper- Silurian  Ento- 
iMiiraca  to  my  friend  Mr.  J.  W.  Kirkby,  and  he  favoured  me  with 
the  following  remark^ : — 

"With  this  I  return  you  Mr.  Smith's  Silurian  Entomostraca,  which 
1  thank  you  for  the  sight  of.  They  are  the  best  Silurian  specimens 
thatlhave  seen.  Some  of  the  O^^We-like  forms  appear  to  come 
pretty  near  Carboniferous  species,  as  you  pointed  out  to  me.  A  set 
on  one  slide  can  scarcely  be  distinguished  from  Miinster's  Cythere 
^lobata,  and  on  other  slides  there  are  specimens  that  I  suppose  we 
should  have  named  C  cBqunlts.  J.  and  K.,  and  C,  ohtuaay  J.  and  K., 
had  they  been  found  in  Carboniferous  strata." 


V. — OoKANio  Islands. 
By  T.  Mellabd  Readb,  C.E.,  F.G.S. 

THE  Pacific  and  Atlantic  Oceans  far  from  the  continental  masses 
of  land  are  studded  with  islands,  whicb  from  their  being  solely 
Volcanic  and  o£  an  age  going  back  no  furtlier  than  the  Tertiary 
Period,  are  considered  to  lend  great  support  to  the  hypothesis  of  the 
permanence  of  the  great  oceans  and  continents.  Those  who  hold 
^bese  views  question  the  right  of  New  Zealand  to  be  considered  a 
f''iily  oceanic  island,  though  on  what  grounds  heis  never  been  quite 
intelligible  to  me.  Waiving  this  objection  for  the  purpose  of  argu- 
ment, I  propose  to  discuss  the  bearings  of  the  facts,  as  formulated  by 
ttose  who  believe  in  the  **  approximate  "  immutability  of  land  and 
sea. 

But  before  this  can  be  done  it  will  be  necessary  to  consider  the 
Vertical  limits  within  which  Dr.  Darwin's  generalization,  that  the 
**  great  oceans  are  still  mainly  areas  of  subsidence,  the  great  archi- 
pelagoes still  areas  of  oscillation  of  level,  and  the  continents  areas 
of  elevation,"  ^  could  have  acted.  An  approximate  calculation  tells 
^e  that  had  one-half  of  the  ocean  floor  subsided  1500  feet  since 
Cambrian  times,  the  period  Dr.  Darwin  adopts  for  the  commence- 
ment of  this  state  of  things,  the  then  land,  if  it    possessed  the 

^  Origin  of  Species,  4th  edit.  p.  373. 
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present  contours  of  our  oontinents,  would  have  been  submerged 
to  about  the  700  feet  contour.  It  is  impossible  at  present  to  calcu- 
late with  exactness  to  what  extent  this  would  reduce  its  surface,  but 
probably  one-half.  If,  on  the  other  hand,  the  land  had  risen  since 
(Cambrian  times  1600  feet,  it  is  evident  there  must  have  been  very 
little  of  it  to  commence  with.  Therefore,  if  there  has  been  a 
preponderance  of  depression  in  the  oceans  and  of  elevation  in  the 
land  since  Cambrian  times,  it  has  acted  within  very  narrow  limits,  or 
there  would  not  have  existed  land  enough  to  provide  sediment  for  the 
construction  of  the  enormous  thickness  and  extent  of  the  later 
sedimentary  rocks  we  know  of,  to  say  nothing  of  those  which 
under  my  hypothesis  must  be  admitted  to  extend  more  or  less  under 
the  sea- bed. 

The  volcanic  oceanic  islands  are  mostly  based  upon  submarine 
plateaux,  one  of  which  in  the  Pacific  extends  from  Cape  Ilom  in  a 
north-westerly  direction  to  Tahiti,  a  distance  of  some  80  degrees  of 
longitude  and  30  degrees  of  latitude,  at  a  depth  of  about  1000 
fathoms.^  It  is  conceivable,  if  these  plateaux  were  areas  of  oscilla- 
tion of  level,  that  the  vertical  limits  of  movement  may  have  been  too 
small  to  have  produced  by  that  means  continental  islands,  and  it  is 
also  conceivable,  though  not  probable,  that  the  plateaux  may  now  all 
be  at  the  downward  limit  of  oscillation.'    Now  comes  my  argument. 

The  lapse  of  time  between  the  Cambrian  and  Tertiary  periods  was 
vastly  greater  than  that  between  the  commencement  of  the  Tertiary 
and  the  present  time.  I  will  not  presume  to  say  how  much  more, 
because  authorities  differ,  but  Dana  puts  it  down,  as  nearly  as  I  can 
interpret  him,  at  about  fifteen  times  as  great.'  Are  wo  then  to 
assume  that  during  all  this  vast  interval  of  time,  and  over  an 
immense  extent  of  the  ocean  floor,  the  volcanic  forces  of  the  earth, 
which  some  physicists  maintain  have  been  gradually  dying  out,  lay 
dormant,  so  that  no  volcanic  island  or  land  was  built  up  from  even 
a  depth  of  1000  fathoms — not  two-thirds  the  height  of  Etna  ?  And 
are  we  to  go  further,  and  say  that  this  stable  state  of  equilibrium 
was  suddenly  disturbed  by  volcanic  eruptions  during  and  since  the 
Tertiary  period,  by  which  what  are  called  the  Oceanic  islands  were 
created  ?  I  think  neither  physicists  nor  geologists  will  admit  this 
to  be  probable  without  very  strong  evidence,  which  has  yet  to  be 
given. 

It  may  be  said  in  reply  that  such  Palaeozoic  or  Secondary  volcanic 
islands  may  have  existed  and  become  since  destroyed  by  atmospheric 
or  oceanic  waste ;  but  this  admitted,  cuts  the  ground  from  under  the 
argument,  as  the  same  forces  would  also  have  destroyed  sedimentary 
rocks,  the  absence  of  which  is  accounted  a  proof  of  the  permanence 
of  the  oceans  and  continents. 

Properly  considered,  then,  the  argument  drawn  from  the  volcanic 
or  non-sedimentary  nature  of  the  so-called  oceanic  islands  is,  as 
usual  with  negative  evidence,  not  very  much  to  be  relied  on.   Nay, 

*  Thalassa,  pp.  21-2. 

*  This  is  diBproved  by  Dr.  Darwin's  own  obseirations. 
'  Manual  of  Geology,  2nd  edit.  p.  686. 
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to  me  it  seems  rather  to  point  to  the  fact  that  the  oondition  of  things 
oceanic  since  the  commencement  of  the  Tertiary  period  differed  and 
still  differs  from  that  which  existed  in  earlier  times,  and  is  therefore, 
looking  at  it  in  this  light,  rather  against  than  for  the  hypothesis  that 
the  oceans  and  continents  occupy  permanent  positions  on  the  earth's 
surface. 

The  distinguished  author  of  the  "  Origin  of  Species,"  so  fertile  in 
saggestions,  yet  so  fair  in  judgment,  while  upholding  in  a  letter  to 
the  writer  his  published  views '  on  the  subject,  considers,  as  we  all 
must,  that  it  is  full  of  perplexities,  and  that  the  more  it  is  discussed 
the  better. 


VI. — On  the  Disoovebt  op  a  nearly  entire  Bhizodus  in   tue 

Wardie  Shales. 

By  Thomas  Stock,  Esq., 

Natural  Hiatorj  Department,  MuBeum  of  Science  and  Art,  Edinburgh. 

(Bead  before  the  Edinburgh  Geological  Society,  16th  December,    1880.) 

THE   fact  of  the   occurrence  of  Bhizodns  at  Wardie  has   been 
known  for  a  good  many  years.     It  appears  as  an  addendum 
to  a  list  of  fossils  from  that  locality  published^  in  1861  by  the 
Greological  Survey  of  Scotland.     The  specimens  hitherto  collected, 
however,  have  been  the  merest  fragments,  consisting  principally  of 
detached  scales.     Almost  the  first  fossil  obtained  by  the  writer  from 
Wardie   was  a  badh'-preserved  fragment  of  the  jaw  of  Bhizodus 
containing  teeth.     Since  then  a  few  fragments  have  occurred  refer- 
able to  the  same  genus.     From  the  fact  that  these  were  invariably 
found   along   a   particular   part   of  the   beach,    the   suspicion    was 
gradually  awakened  that  they  had  been  derived  from  a   common 
source.     This   suspicion   was   confirmed   by   the   discovery  of   the 
remarkable  specimen  which  is  the  subject  of  this  notice.     It  was 
found   lying  in  the  direction  of  the  strike  of  the  beds,   its  head 
seawards,  its  tail  to  the  shore.     The  greater  part  of  it  was  buried 
under  from  six  inches  to  a  foot  of  shale.     The  end  of  the  tail  and 
the  anterior  portion  of  the  head  had  been  bared  by  the  waves,  and 
though  the  tail  remains  almost  intact,  the  head  has   suff'ered  a  good 
deal  from  the  erosion  of  the  sea.     The  rest  of  the  fish  is  preserved. 
As  the  bed  in  which  it  was  entombed  is  accessible  only  at  verj' 
low- water,  considerable  difficulty  was   experienced  in  getting  the 
specimen   away  ;   but,   thanks  to   the   help  of  Mr.  Macpherson  of 
Trinity,  this  was  efiVicted,  and  a  noble  fish  has  been  saved  to  science. 
It  is  undesirable  at  present  to  say  much  about  the  new  facts  which 
this  specimen  reveals.     Much  may  be  made  out  as  to  the  shape  of 
the  fish  and  the  position  of  the  fins  ;    but  it  would  be  unwise  to 
give  forth  statements  involving  facts  of  great  structural  importance 
until  these  can  be  corroborated  by  examination  of  the  fish,  after  it 

'  I  am  indebted  to  Mr.  Topley  for  calling  my  attention  (Geol.  Mao.  Dec.  1880, 
p.  573)  to  Mr.  Darwin's  views. 
'  The  Geology  of  the  Neighbourhood  of  Edinburgh,  London,  1861. 
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has  been  properly  developed  and  displayed.  It  will  be  enoDgh  to 
say  that  it  appears  to  be  in  a  good  state  of  preservation ;  that  it  is 
nine  feet  in  length  ;  and  that  it  occurs  in  the  form  of  an  immense 
flat  nodule.  A  few  detached  scales  were  found  in  nodules  beside 
it ;  but  beyond  this  and  the  injury  the  head  has  received  from  the 
sea,  there  has  been  no  disintegration  of  importance. 

The  remains  of  Rhizodua  hitherto  obtained  have  been  of  a  very 
fragmentary  nature. 

Ure  ^  figured  a  part  of  a  mandible  with  teeth. 

Dr.  Hibbert's  ^  material,  though  more  abundant,  was  very  little 
better. 

M*Coy '  says  that  its  general  form  is  unknown. 

Mr.  John  Yonng,  F.G.S.,*  noticing  its  occurrence  near  Glasgow, 
says,  **  No  large  fragments  of  either  the  internal  skeleton  or  the 
outer  covering  of  scales,  have  yet  been  found  in  this  locality.  In 
the  E.  of  Scotland,  B,  Bihberti  is  very  common  in  the  Burdiehonse 
Limestone,  and  in  one  or  two  localities  in  the  Fifeshire  Coal-field ; 
but  no  perfect  examples  have  yet  been  found,  so  that  its  general 
form  is  unknown." 

Professor  Young*  remarks  that  "no  fragments  have  yet  been 
found  from  which  the  shape  of  the  body  or  the  structure  of  the 
head  can  be  determined.*' 

Professor  Miall,'  in  a  clear  and  able  paper,  describes  "  a  large 
and  tolerably  perfect  skull,"  and  observes,  **  Much  yet  remains  to  be 
known  of  the  Carboniferous  genus  Rhizodus,  of  which  only  the  teeth, 
scales,  pectoral  arch,  jugular  plates,  and  mandible  have  hitherto  been 
identified." 

American  authors '  have  referred  fragments  to  Khxzodus,  but  they 
do  not  seem  to  have  been  so  fortunate  as  ourselves  with  this  fish. 

The  specimens  in  the  Edinburgh  Museum  of  Science  and  Art, 
many  of  them  very  fine,  are  all  fragmentary,  so  that  there  is 
abundant  warrant  for  saying  that  the  Wardie  Rhizodus  is  the  first 
yet  obtained  in  a  nearly  perfect  state  of  preservation.  It  would  be 
no  exaggeration  to  affirm  that  it  is  the  largest  nearly  entire  fish  which 
rocks  of  Carboniferous  age  have  yet  yielded. 

Appended  are  a  few  localities  in  the  Calciferous  Sandstone  Series  of 
the  district  where  Rhizodus  remains  have  been  discovered:  Brick- 
works at  Straiten;  Oakbank,  near  Mid  Calder;  Burdiehouse  ; 
Arthur's  Seat;  Gowan's  new  quarry  near  Juniper  Green,  on  the 
horizon  of  the  Wardie  Shales.  It  was  found  by  Mr.  Henderson 
at  this   locality  in  sandstone,  an  unusual  circumstance. 

^  The  History  of  Rutherglen  and  East  Kilbride,  Glasgow,  1793,  pi.  xix.  fig.  4. 
'  Trans.  Royal  Soc.  of  Edinb.  vol.  xiii.  1836,  p.  169,  et  seq, 
3  Brit.  Pal.  Fossils,  1855,  p.  612. 

*  Trans.  Geol.  Soc.  Glasgow,  1865,  vol.  ii.  p.  38,  et  seq. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxii.  1866,  p.  596,  et  seq, 

*  Quart.  Joum.  Geol.  Soc.  1875,  No.  124,  p.  624,  etseq. 
"*  Pal.  Ohio,  passim  ;  Pol.  Illinois,  passim  ;  etc. 
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YII. — On   Stbiatkd  Pbbblics  from  the  Triassio  Conglombratk 

NEAR  P0RT8KEWET,  Monmouth. 

By  "W.  J.  S0LLA8,  M.A.,  F.R.S.E.,  F.G.S. ; 
Professor  of  G^logy  in  UniTersity  College,  Bristol. 

DURING  a  recent  visit  to  the  tunnel  now  in  course  of  con- 
struction beneath  the  Severn,  I  was  taken  by  ray  friend  Mr. 
Evan  Jones,  of  University  College,  to  examine  a  heap  of  Triassic 
pebbles  and  conglomerate,  which  had  been  exploited  from  the 
bottom  of  one  of  the  shafts  of  the  tunnel  on  the  Portskewet  side  of 
the  river.  My  attention  was  at  once  arrested  by  the  striated  and 
polished  surfaces  presented  by  many  of  the  pebbles,  and  the  results 
of  the  short  examination  I  was  able  to  make  of  them  are  embodied 
in  the  following  note. 

The  pebbles  are  of  all  sizes,  up  to  a  foot  or  more  in  diameter,  and 
they  are  well  rounded  at  the  edges  and  comers.  Though  they  have 
evidently  been  derived  from  the  adjacent  Mountain  Limestone,  they 
break  with  a  finely  granular  fracture  like  compact  grit,  owing  no 
doabt  to  a  crystalline  structure  superinduced  by  dolomitization.  The 
matrix  in  which  they  were  imbedded  is  a  dolomitic  paste  containing 
numerous  grains  of  quartz  sand ;  it  is  coloured  red  with  iron  peroxide, 
which  also  colours  the  surface  of  the  imbedded  pebbles. 

The  smoothed  surface  of  many  of  the  pebbles  is  abundantly 
striated,  especially  on  and  around  the  edges  and  corners ;  the  striss 
commence  as  exceedingly  delicate  fine  lines,  which  frequently 
deepen  and  widen  in  their  course,  till  tliey  terminate  abruptly,  so  as 
to  present  the  form  of  a  half  cone  ;  at  the  deep  end  of  the  trough 
(base  of  the  cone)  a  grain  of  quartz  sand  is  sometimes  found  im- 
bedded. Sometimes  however  the  striae  are  mere  scratches  thinning 
out  at  each  end ;  they  are  not  always  stniight,  but  sometimes  curved, 
a  whole  group  of  parallel  striae  being  occasionally  abruptly  flexed  to 
one  side  and  then  back  again  into  their  original  direction.  Now  and 
then  a  furrow  as  much  as  a  quarter  of  an  inch  wide  may  be 
observed,  its  sides  being  scored  with  delicate  parallel  striae. 

The  presence  of  quartz  grains  in  the  matrix  about  the  pebbles 
may  be  connected  with  their  striation,  and  when  a  quartz  grain  is 
found  imbedded  at  one  end  of  a  scratch,  it  may  fairly  be  regarded  as 
the  instrument  by  which  the  scratch  was  produced.  But  to  have 
produced  the  scratch  it  must  have  been  (1)  pressed  against  the 
surface,  and  (2)  drawn  along  it.  That  the  pebbles  were  pressed 
against  each  other,  and  thus  exerted  pressure  on  the  sand  grains  lying 
between  them,  is  shown  by  the  fact  that  some  of  the  smaller  pebbles 
are  sunk  some  distance  into  the  larger,  as  though  they  had  been 
pressed  into  a  yielding  substance.  Nothing  but  great  and  long-con- 
tiuued  pressure  could  have  brought  about  this  result.^ 

The  cause  of  this  pressure  is  to  be  found  in  the  thick  deposits  of 
sediment  which  once  rested  upon  the  pebble  beds.  But  a  vertical 
pressure  acting  on  an  accumulation  of  loose  pebbles  would  be 
^^solved  not  only  in  directions  normal  to  the  touching-surfaces  of 

*  Sorby,  Cardiff  Nat.  Soc.  Trans,  vol.  v. 
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the  pebbles,  but  also  in  others,  leading  to  movements  along  lines  of 
least  resistance,  by  which  the  pebbles  would  become  packed  as  closely 
as  possible  together.  Tlie  quartz  grains  lying  between  the  pebbles 
would  then  not  only  be  pressed  against,  but  also  dragged  over  them. 
As  they  began  to  move,  they  would  produce  a  delicate  almost  imper- 
ceptible striation,  but  with  continued  progress  this  would  deepen,  the 
grit  would  ''bite"  more  deeply  into  the  stone,  and  would  at 
length  become  too  far  imbedded  to  overcome  the  resistance  in  front ; 
then  it  would  be  brought  to  a  sudden  standstill,  and  remain  as  we  now 
find  it  implanted  at  the  end  of  the  trough  which  it  has  excavated. 

The  history  of  the  pebbles  is  then  as  follows :  the  Carboniferous 
Limestone,  which  crops  up  close  to  Portskewet  around  Chepstow, 
was  denuded  in  Triassic  times,  and  furnished  material  for  a  beach  of 
rounded  and  polished  pebbles  on  the  shores  of  the  Triassic  sea ; 
subsequent  deposits,  probably  including  Jurassic  and  Cretaceous 
sediments,  were  superimposed  upon  this  beach,  and  under  the  con- 
siderable pressure  which  resulted  the  pebbles  were  packed  closely 
together,  forced  one  into  the  other,  and  pitted  all  over  with  imbedded 
sand  grains ;  lateral  movements  dragged  along  the  sand  grains  over 
the  surfaces  of  the  pebbles,  scoring  them  with  delicate  furrows  and 
strisB.  Subsequently  the  dolomitio  paste  between  the  ^>ebble8 
cemented  into  a  hard  matrix,  and  bound  the  whole  together  into  a 
conglomerate. 

In  a  note  read  before  the  British  Association  last  August,  I  showed 
that  certain  fragments  of  limestone  in  a  Triassic  breccia  retained  the 
striation  (slickenside)  that  had  been  impressed  upon  them  before 
they  were  detached  from  the  parent  rock  and  deposited  in  their 
present  place.  We  now  find  an  instance  of  a  contrary  kind,  in 
which  the  strisB  on  imbedded  pebbles  have  been  produced  subsequent 
to  deposition ;  but  in  neither  case  could  an  experienced  observer  be 
deceived  for  a  moment  as  to  the  real  nature  of  the  striation ;  glacial 
action  is  here  indeed  altogether  out  of  the  question.  It  might  be 
thought  that  the  glacial  origin  assigned  to  the  striations  on  certain 
fragments  of  stone  from  the  Old  Red  Sandstone  and  Permian 
deposits,  is  called  in  question  by  these  observations ;  the  exact  con- 
trary is,  however,  the  case ;  since  while  we  have  shown  that  striation 
may  be  produced  on  included  fragments  in  other  ways  than  by  the 
action  of  ice,  we  have  at  the  same  time  shown  that  no  difficulty  need 
be  felt  in  distinguishing  such  striation  when  it  occurs. 


The  Mont  St.  Gothard  Tunnel. 
Sullo  condizione  geologiche  e  termiche   della  grande  galleria   del 
S.  GotUrdo.     Nota  dell'  inq.  F.  Giordano,  Boll,  del  K.  Comit. 
Geol.  d'ltalia.     Sept.  and  Oct.  1880,  Vol.  XL 

IN  the  last  Bolletino  Inspector  F.  Giordano  gives  a  lengthy  report 
on  the  geological  conditions  of  the  St,  Gotliard  tunnel,  and  many 
of  the  facts  and  particulars  he  tells  us  are  drawn  from  the  various 
published  papers  of  the  late  chief  engineer  Stapflf.     Particulars  are 
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given  as  to  the  mode  of  excavation,  and  then  the  geological  structure 

is  considered.     The  rock  section  was  found  to  be  much  the  same  as 

the  preliminary  investigations  had  indicated,  consisting  of  granitoid 

gneiss,  black   schist,   micaceous  ielsites    with  a   small  quantity  of 

cipoUino  and  other  calcareous  rocks  in  the  large  U  folds  under  the 

Ursem  and  l^cino  valleys.      The  fan  structure,  so  general  in  all 

the  Alpine  ranges,  was  very  marked,  the  strata  spreading  out  in  the 

St,  Gothard  mountain,  and  forming  north  and  south  the  two  U  folds 

mentioned.     It  was  in  this  northern  fold  under  the  Ursern  valley 

that  the  greatest  difficulties  of  the  undei-taking  were  met  with,  for 

the  Urseni  gneiss  was  found  to  be  decomposed  down  to  a  very  coii- 

uiderable  depth,  here  over  a  thousand  feet  below  the  surface,  so  that 

the  felspar  had  become  a  soft  clay,  and  in  consequence  the  expense 

was  raised  from  about  3,500  or  4,000  up  to  20,000  francs  a  m^tre. 

But  the  most  interesting  results  of  the  undertaking  are  the  obser- 
vations made  on  the  temperature  of  the  air  in  the  tunnel,  together 
with  comparisons  of  the  temperature  of  the  air  and  the  earth  at  the 
surface.  The  figures  of  the  temperature  of  the  air  are  from  observa- 
tions taken  in  meteorological  stations  on  the  route,  and  in  order  to 
obtain  the  temperature  of  the  earth  at  the  surface,  the  temperature 
of  the  streams  were  measured  and  calculations  were  made  from  a 
hx^  series  of  such  observations. 

The  increase  of  temperature  in  the  Mont  Cenis  tunnel  was  shown 
to  be  1°  Centigrade  in  each  51 J  metres  below  the  surface,  which 
increment  was  less  than  was  expected  from  previous  data,  mostly 
obtained  in  mines  and  borings.  The  St.  Gothard  measurements 
give  1'^  C.  in  about  each  52  metres,  thus  both  very  closely  cor- 
respond, considering  that  there  are  always  modifying  circumstances, 
as,  for  instance,  decomposition  of  the  rock  where  pyrites  and  other 
substances  occur.  The  maximum  temperature  was  30*5'^  C.  under 
1700  metres  of  rock,  and  the  increase  of  temperature  is  shown  to 
vary  approximately  with  the  profile  of  the  mountain  mass  above, 
though  somewhat  modified  by  the  surrounding  mountains. 

A  very  interesting  concluding  chapter  deals  with  the  lessons 
which  may  be  learnt  from  this  gigantic  enterprise,  and  as  the  health 
of  the  workmen  has  in  this  case  been  very  seriously  affected  by  the 
unfavourable  condition  of  work,  it  is  evident  that  means  must  be 
taken  to  improve  the  ventilation  in  any  similar  undertaking,  and 
Giordano  considers  that  the  Belgian  system  of  making  the  advance 
gallery  at  the  top  gives  less  satisfactory  results  in  this  respect  than 
the  English  system,  where  the  preliminary  gallery  is  at  the  base  of 
the  future  tunnel,  and  as  at  present  tunnels  are  proposed  both 
tbroagh  the  Simplon  and  Mont  Blanc,  these  questions  have  a 
practical  importance. 

The  Simplon  tunnel,  according  to  one  plan,  would  pass  under  a 
superincumbent  mass  of  2250  metres,  and  this,  according  to  the 
law  now  formulated  regarding  the  increase  of  temperature,  would 
give  47°  C.  in  the  middle  of  the  tunnel;  according  to  another 
proposition  the  tunnel  would  be  at  a  greater  altitude,  and  would 
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give  a  temperature  of  40°  C.  In  the  proposed  Mont  Blano  tnnnel, 
however,  the  mountain  mass  would  be  greater  than  in  either  of  the 
Siinplon  routes,  and  the  temperature  even  higher.  M.  Duboia- 
Keymond  has  said  that  work  under  such  circumstances  would  be 
impossible  in  a  dry  temperature  of  more  than  50°  C,  or  in  a  moist 
one  of  over  40°  C,  but  Herr  Stapff  considers  that  some  of  the  deep 
mines  show  that  this  is  below  the  mark,  but,  however,  points  out 
the  great  difficulties  that  would  accompany  any  such  undertaking 
where  there  are  a  large  number  of  workmen,  even  were  no  animals 
used,  and  even  with  every  precaution  taken  in  accordance  with  the 
experience  now  gained. 

A  good  coloured  geological  section,  together  with  a  comparative 
diagram  of  the  temperature,  accompanies  the  paper.        A.  W.  W. 


E-  E  V  I  E  ^W  S. 


I. — The  Coal>piklds  op  Great  Britain  ;  thsir  History, 
Structure  and  Resources.  With  Descriptions  of  the  Coal- 
fields of  our  Indian  and  Colonial  Empire,  and  other  Parts  of  the 
World.  By  Edward  Hull,  M.A.,  LL.D.,  F.R.S.,  etc.  8vo. 
4th  edition.  (Loudou,  1881:  Edward  Stanford,  65,  Charing 
Cross.) 

AN  important  addition  to  the  literature  of  our  Coal-bearing  rocks 
has  just  appeared  in  the  fourth  edition  of  Prof.  Hull's  work 
on  "The  Coal-fields  of  Great  Britain."  Few  books  have  had  so 
great  a  success,  or  of  which  new  editions  have  been  called  for  so 
rapidly.  The  third,  embodying  the  Reports  of  the  Royal  Coal 
Commission,  was  published  in  1873,  and  now  in  little  less  than  eight 
years  we  are  presented  with  the  fourth.  Portions  of  the  work  have 
been  largely  re-written,  a  new  frontispiece  representing  characteristic 
plants  of  the  Coal  period,  and  three  woodcut  sections  have  been  added. 
The  latter  include  sections  across  the  Castle  Comer  and  Tyrone 
Coal-fields  respectively,  and  a  section  through  the  London  basin. 

The  chapter  devoted,  in  the  last  edition,  to  the  consideration  of 
the  Animal  and  Vegetable  remains  of  the  Coal  period  has  been 
split  up  ;  the  latter  portion  is  entirely  new,  having  been  drawn  up  by 
Prof.  Williamson,  F.R.S. 

As  might  have  been  expected,  the  stratigraphical  classification  has 
been  modified  to  meet  the  more  recently  enunciated  views  on  this 
subject  as  expressed  by  Prof.  Hull  in  the  Quarterly  Journal  of  the 
Geological  Society,  for  1877. 

The  statistical  portions  of  the  work  have  been  brought  down  to 
the  date  of  1878,  whilst  the  highly  important  question  of  quantities, 
both  wrought  and  unwrought,  has  been  re-considered.  The  results 
given  in  the  present  volume  naturally  differ  considerably  from 
those  stated  in  the  last  edition,  allowing  for  the  output  during  the 
interval  between  the  appearance  of  the  two  volumes.  In  several 
instances  Prof.  Hull  bows  to  the  decision  of  the  late  Coal  Commission 
in  this  matter,  always,  however,  with  the  reservation,  that  seams  of 
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Coal  below  two  feet  in  thickness  should  not  be  calculated  in  estimat- 

ix^  our  future  Coal  resources.     In  this  we  agi'ee  with  Mr.  Hull. 
The  presumable  quantity  of  Coal  yet  to  be  worked  in  Great  Britain 

and  Ireland,  after  necessary  deductions,  and  at  a  depth  not  exceeding 

4000  feet,  is 

In  visible  Coal-fields  79J62.000,000 

In  concealed  Coal-measures    66.273,000,000 

Total  tons  136,025,000,000 

"a  snpply,"  adds  Prof.  Hull,  "which,  if  drawn  upon  at  the  rate  of 
one  hundred  and  thirty  millions  of  tons,  the  quantity  of  1878,  would 
be  sufficient  to  last  for  more  than  a  thousand  years." 

The  annual  production  of  Coal  over  the  whole  globe  is  now  said 
to  be  two  hundred  and  eighty-nine  millions  of  tons  per  annum. 
Under  this  heading  the  quantities  have  been  brought  up  to  dates 
Tarying  from  1873  to  1879  for  the  various  countries.  During  the 
past  four  years  (1876-1879)  the  increase  in  output  in  our  own  cotmtiy 
has  been  practically  stationary.  That  for  1879  amounted  to 
134,008,228  million  tons.  In  the  chapter  on  concealed  Coal-fields 
an  account  of  the  recent  important  borings  in  the  S.E.  of  England 
has  been  added,  especially  those  of  the  London  area.  Prof.  Hull 
considers  that,  "  we  must  look  to  tracts  lying  south  of  the  Tliames 
Valley  as  the  possible  area  of  concealed  coal-fields,"  in  the  South-east 
of  England,  and  especially,  as  Mr.  God  win- Austen  has  pointed  out, 
along  the  margin  of  the  North  Downs,  and  the  borders  of  the 
Wealden  area. 

We  are  glad  to  see  that  Prof.  Hull,  where  practicable,  devotes  a 
few  pages  to  the  organic  remains  of  the  various  Coal-fields  under 
description.  The  occurrence  of  marine  bands  of  fossils  is  always 
strongly  dwelt  on,  and  plays  an  important  part  in  the  classification 
adopted  throughout  the  work.  As  a  remarkable  instance  of  the 
persistence  of  a  calcareous  stratum  over  largo  areas,  is  cited  the 
Spirorhta  limestime  of  the  Upper  Coal-measures,  which  can  be  traced 
in  the  same  position  throughout  the  Coal-fields  of  Coalhrook  Dale, 
and  Forest  of  Wyre  southward,  through  Lancashire  northward,  and 
Warwickshire  eastward,  representing  an  area  of  about  10,000  S(juare 
miles,  and  is  only  on  an  average  about  one  foot  in  thickness. 

The  descriptive  portions  of  the  various  Coal-fields  have  not  been 
greatly  altered,  or  added  to,  and  remain  nearly  the  same  as  in 
the  last  edition,  excepting,  of  course,  the  information  relating  to 
quantities  won  and  still  to  be  wrought 

In  the  chapter  devoted  to  the  Coal  fields  of  Europe,  a  useful  table 
18  introduced,  showing  the  corresponding  groups  throughout  the 
British  Islands  and  the  various  Continental  Coal-hasins.  Jt  appears 
that  the  uppermost  division  of  the  Coal-measures  is  usually  absent 
from  the  latter.  In  the  South  Staffordshire  Coal-field  the  great  ten- 
yard,  or  "Thick  Coal,"  has  been  either  worked  out,  drowned,  or 
destroyed  to  such  an  extent  that  probably  little  more  than  one-tenth 
ifemains  to  be  won.  Professor  Hull  wisely  suggests  that  the  coal 
proprietors  of  the  district  should  combine  to  uuwater  this  laigQ  slx^^. 
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The  general  Huccession  of  the  Carboniferous  Series  in  Scotland 
has  been  modified  to  meet  the  author's  latest  vievv^s  on  Car- 
boniferous classification,  or  more  properly  into  four  groups, 
iiistoud  of  three,  as  in  England.  Thesd  do  not  correspond  in  every 
way  with  the  subdivisions  adopted  by  the  Geological  Survey  of 
Scotland.  We  cannot  help  thinking  some  further  useful  details 
might  have  been  gleaned  about  the  Scotch  Coal-fields  from  some  of 
the  more  recently  published  **  Explanations  of  Maps  "  of  the  latter 
body.  The  available  Coal  in  Scotland  for  future  use  is  estimated  at 
about  9,043,000,000  tons. 

In  Ireland,  the  Antrim  Coal  Series  is  now  assigned  by  Prof.  Hull 
to  the  position  of  the  Lower  Coal  and  Ironstone  Group  of  Scotland 
(=  Edge  Coal  Series,  or  Middle  Carboniferous  Limestone  Group  of 
the  Geological  Survey),  and  the  Yoredale  Series  of  the  North  of 
England. 

The  account  of  the  Indian  Coal-beds  has  been  completely  revised. 
The  age,  following  the  views  of  Messrs.  Medlicott  and  Blanford,  is 
now  stated  to  range  from  the  Permian  to  the  Upper  Jurassic.  There 
are  thirty-seven  separate  fields,  of  which  ^\q  only  are  regularly 
worked. 

The  information  concerning  the  Australian  Coal-fields  is  hardly 
up  to  date,  and  might  advantageously  be  increased  now  that  sucli 
a  large  mass  of  information  has  been  brought  together  relating  to 
the  productive  beds  of  New  South  Wales,  and  the  unproductive  strata 
of  Victoria.  Wo  are,  however,  very  glad  to  see  that  the  views  of 
the  late  Rev.  W.  B.  Clarke  have  been  more  closely  followed  in  this 
work  than  those  of  others  who  have  written  on  the  subject,  although 
less  convei*sant  with  it. 

In  the  account  of  the  African  and  Canadian  Coal-seams,  Professor 
Hull  has  availed  himself  of  recent  Reports  and  Surveys. 

We  must,  in  conclusion,  congratulate  the  author  upon  having 
again  brought  his  useful  and  important  task  to  a  most  suooessful 
termination.  We  shall  look  forward,  in  the  future,  to  the  appear- 
ance of  another  and  enlarged  edition,  with  even  greater  feelings  of 
pleasure  than  the  perusal  of  the  fourth  has  afforded  us.  As  before, 
the  work  is  published  by  Mr.  Ed.  Stanford,  and  everything  appears 
to  have  been  done  to  render  it  as  complete  and  accurate  €is  possible. 


II. — Island  Life  ;  or,  the  Phenomena  and  Causes  op  Insulak 
Faunas  and  Floras,  including  a  Revision  and  Attempted 
Solution  of  the  Problem  of  Geological  Climates.  By  Alfred 
RussEL  Wallace.     (Macmillan  &  Co. :  1880.) 

THE  author  desires  this  volume  to  be  regarded  not  only  as  a 
popular  supplement  to  his  Geographical  Di&tribution  of  AnimaU^ 
but  as  a  work  complete  in  itself.  He  considers  that  the  treatment 
of  the  subject  has  been  placed  on  a  sounder  basis  owing  to  the 
establishment  of  a  number  of  preliminary  doctrines,  of  which  the 
most  important  are  those  "  which  establish  and  define  (1)  the  former 
wide  extension  of  all  groups  now  discontinuous,  as  being  the  neces- 
sary result  of  Evolution;  (2)  the  permanence  of  the  great  features 
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of  the  i^istribntion  of  land  and  water  on  the  earth's  surface ;  and  (3) 

Wxe  nature  and  frequency  of  climatal  changes  throughout  geological 

time." 
Thus  it  will  be  perceived  that  this  work,  though  dealing  in  the 

main  with  biological  questions,  enters  to  a  considerable  extent  into 
physical  ones,  and  has  therefore  a  double  claim  to  the  notice  of 
geologists,  who  will  be  anxious  to  know  whether  the  author  suc- 
cetKis  in  establishing  the  three  preliminary  doctrines  detailed  above, 
and  how  far  they  assist  him  in  clearing  up  the  many  anomalies  of 
Island  Life. 

Ihe  first  part  of  the  book  is  occupied  with  the  phenomena,  laws, 
and  causes  of  the  diBpersal  of  organisms,  wherein  the  author  dis- 
cusses the  general  features  presented  by  animal  distribution,  as  well 
as  the  changes  which  have  been  the  most  important  agents  in 
bringing  about  the  present  condition  of  the  organic  world.  In  the 
second  part  he  proceeds  to  apply  the  principles  previously  enunciated 
in  the  elucidation  of  the  phenomena  appertaining  to  Inaular  Faunas 
and  Floras. 

Part  I. — ^The  first  five  chapters  deal  mainly  with  the  zoological 
aspects  of  distribution.  Amongst  the  elementary  facts  some  remark- 
able instances  of  discontinuity  even  on  continents  are  detailed,  and  it 
is  ohserved  that  such  **  numerous  examples  of  discontinuous  genera 
and  families  form  an  important  section  of  the  facts  of  animal  dis- 
persal which  any  true  theory  must  account  for."  We  may  feel  stire 
that  the  question  of  Evolution  as  the  key  to  Distribution  is  ably 
stated  by  a  naturalist  who  shares  with  Darwin  the  honour  of  having 
established  the  most  important  principles  as  to  the  origin  and 
development  of  species  and  genera.  The  tendency  to  change, 
always  more  or  less  inherent,  though  stimulated  and  taken  advantage 
of  by  circumstances,  in  combination  with  the  powers  of  dispersal  of 
organisms  under  different  conditions,  may  serve  to  explain  much  of 
the  existing  distribution  of  plants  and  animals.  In  concluding  this 
part  of  the  subject,  the  author  observes  that  the  theory  of  Evolution 
necessitates  the  former  existence  of  a  whole  series  of  extinct  genera 
to  fill  up  the  gap  between  the  isolated  genera  which  in  many  cases 
now  alone  exist,  while  it  is  almost  an  axiom  of  natural  selection, 
that  such  numerous  forms  of  one  type  could  only  have  been 
developed  in  a  wide  area  and  under  varied  conditions  implying  a 
great  lapse  of  time. 

Thus  far,  Mr.  Wallace  has  been  on  his  own  ground,  and  there  are 
few  palaeontologists  at  this  time  of  day  wbo  are  not  more  or  less 
convinced  of  the  truth  of  the  first  of  his  three  great  principles  or 
doctrines.  But  when,  in  dealing  with  geogrnj)bical  and  geological 
clianges,  he  arrives  at  the  amsideration  of  the  second  princii)le, 
viz.  tbe  permanence  of  continents,  there  is  by  no  means  that 
nnanimity  amongst  the  authorities  which  the  statement  in  the 
preface  might  lead  the  public  to  suppose.  Geologists,  especially  in 
England,  cling  to  the  views  of  tbe  great  fatbers  of  their  science, 
*nd  thus  the  opinions  of  Lyell  and  others  as  to  a  complete  change 
of  land  and  sea  having  taken  place  over  and  over  again  are,  as  he 
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admits  in  Chapter  VI.,  very  generally  held.  Nor  are  these  tiowb 
confined  to  such  speculations  as  those  of  a  late  President  of  the 
Geological  Society  of  Liverpool.  They  are  still  held,  to  a  certain 
extent,  by  no  less  an  authority  than  Professor  Huxley,  who  writes 
(Nature,  Nov.  4,  1880) :  "  There  is  nothing,  so  far  as  I  am  aware,  in 
the  biological  or  geological  evidence  at  present  aooessible,  to  render 
untenable  the  hypothesis  that  an  area  of  the  mid-Atlantic  or  Pacific 
sea-bed  as  big  a^  Europe  should  have  been  upheaved  as  high  as 
Mont  Blanc,  and  have  subsided  again,  any  time  since  the  Palaeozoic 
epocli,  if  there  were  any  grounds  for  entertaining  it^"  Thus  the 
believers  in  the  possibility  of  an  Atlantis,  notwithstanding  the 
severity  of  our  author's  remarks  (p.  398),  may  take  comfort  in  the 
fact  that  Prof.  Huxley  deems  such  a  thing  possible,  though  he  does 
not  say  that  the  event  ever  took  place.  The  business  of  geologists 
is  not  so  much  to  speculate  on  possibilities  as  to  weigh  the  available 
evidence,  and  nothing  can  be  clearer  than  the  fact  that  the  JurasHio, 
Lower  Cretaceous,  and  Tertiary  deposits,  in  our  own  country  at  least, 
are  more  or  less  of  a  shallow  water  or  marginal  character ;  but  when 
Prof.  Huxley,  some  three-and -twenty  years  ago,  spoke  of  Atlantic 
mud  as  "  modem  chalk,"  the  converse  of  this  proposition  was  imme- 
diately taken  for  granted,  viz.  that  the  chalk  must  have  l>een  an 
abyssal  deposit  Thus  this  latter  supposition  strongly  favoured  the 
tlien  prevailing  doctrine  of  the  secular  interchangeability  of  the 
great  land  and  water  areas.  To  combat  this  notion  the  author 
devotes  several  pages,  and  he  certainly  has  the  authority  of  Sir 
Wyville  niompson  in  support  of  his  introductory  statement,  **  That 
few  of  the  rocks  known  to  geologists  correspond  exactly  to  the 
deposits  now  forming  at  the  bottom  of  our  great  oceans." 

Still,  the  origin  of  chalk  is  a  great  puzzle,  and  some  of  Mr. 
Wallace's  statements  are  likely  to  lead  to  much  discussion.  Some- 
times, indeed,  he  seems  to  advance  arguments  against  his  own 
liypotheses,  as,  for  instance,  when  he  claims  for  his  great  central  sea 
the  depth  of  a  few  thousand  feet,  and  immediately  quotes  S.  P. 
"Woodward  to  the  eflfect  that  Ammonites,  etc.,  were  limited  to  depths 
iiot  exceeding  180  feet  We  are  far  from  saying,  however,  that  even 
these  statements  are  essentially  irreconcilable.  There  are  large 
vertical  regions  of  the  chalk  singularly  free  from  Cephalopoda,  and 
though,  perhaps,  not  much  of  the  sea  in  which  chalk  was  deposited 
ever  attained  a  depth  of  a  few  thousand  feet,  yet  a  depth  of  several 
hundreds — say  even  a  thousand — might  be  sufficient  to  prevent  the 
accumulation  of  any  notable  quantity  of  Ammonite  remains. 

The  composition  of  chalk  is  also  an  enigma,  for  Foraminifera 
form  only  a  small  ])art  of  it.  On  the  strength  of  the  Faxoe  beds  in 
Denmark  being  highl}^  coralline,  he  observes,  *'We  have  a  clear 
indication  of  the  source  whence  the  white  calcareous  mud  was 
derived  which  forms  the  basis  of  chalk."  This  is  a  bold  assumption. 
In  the  first  place,  there  are  no  regular  reef-builders  at  Faxoe.  the 
)>rinci|)al  species  being  a  Caryophyllia.  Secondly,  Lyell  (Tr.  Geol. 
Soc.  vol.  V.  p.  248)  expressly  says,  "There  are  i)atches  of  coial 
cemented  together  by  white  chalk,  but  with  these  exceptions  no 
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portion  of  our  Oolitic  rocks  can  less  resemble  ordinary  chalk  than 

the  stone  of  Faxoe."     We  may  add  that  the  undoubted  coral  muds 

which  have  gone  to  form  many  of  our  Jurassic  limestones  yield  a 

Tery  different  kind  of  rock  to  any  variety  of  chalk  known  to  us. 

Yet  it   must  be  admitted  that  Sorby,  in  his  first  address  to  the 

Geological  Society  in  1879,  says,  *'that  very  many  of  the  minute 

granules  (of  chalk)  are  identical  in  appearance  with  those  derived 

from  aragonite  shells   and   corals,"  and  he  further  observes  that, 

though   the   more   or  less  entire   shells  of  Foraminifera  form  an 

important  constituent,  **yet  that  other  larger  calcareous  organisms 

have  probably  yielded  the  greater  part  of  the  rock."     "When  we  quit 

the  basin  of  the  North  Sea  for  that  of  the  S.W.  of  France,  the 

evidence  for  coral  life  is  stronger,  and  the  abundance  of  Hippurites, 

a  relative  of  the  reef-dwelling  Chama,  also  points  in  this  direction. 

Whatever  has  been  the  origin  of  the  composition  of  the  i)eculiar 
rock  known  as  chalk,  the  fairest  inference  seems  to  be  that  the 
conditions  which  produced  it,  in  this  country  at  least,  were  pelagic, 
though  by  no  means  oceanic,  and  hence  its  existence  gives  no  colour 
to  the  notion  of  a  great  interchange  of  continent  and  ocean.  Sir 
Wyville  Thompson  is  quite  in  accord  with  the  author  on  this  point 
when  he  says  {Nature^  Nov.  1880),  "Tlie  Chalk  of  the  Cretaceous 
period  was  not  laid  down  in  what  we  now  consider  deep  water,  and 
its  fauna,  consisting  mainly  of  shallow  water  forms,  merely  touches 
the  upper  limit  of  the  abyssal  fauna."  Prof.  Geikie  (quoted  at 
p.  94)  is  practically  of  the  same  opinion,  when  he  says  that  during 
the  Cretaceous  period  **  the  Atlantic  Kent  its  waters  across  the  wliole 
of  Europe  and  into  Asia,  but  they  were  proV)ably  nowhere  more 
than  a  few  hundred  feet  deep."  Unfortunately,  in  thus  igncn-ing 
the  existence  at  this  period  of  the  Scandinavian  and  other  highlnnds 
of  Old  Europe,  Prof.  Geikie  gives  colour,  perhaps  unintentionally, 
to  the  notion  that  the  leading  features  of  continents  are  less  perma- 
nent than  the  theory  adopted  i}y  the  author  would  lead  us  to  supi>()se. 

This  doctrine,  viz.  tlie  permanence  of  continents  and  oceans,  he 
considers  lies  at  the  root  of  all  our  inquiries  into  the  past  changes  of 
the  earth  and  its  inhabitants,  and  it  receives  strong  confirmation 
from  the  evidence  adduced  by  Darwin,  who  has  observed  that  hardly 
one  trulv  oceanic  island  has  been  known  to  afford  a  trace  of  any 
Paljeozoic  or  Mesozoic  formation,  so  that  they  have  not  preserved 
any  fragment  of  the  supposed  ancient  continents,  nor  of  the  deposits 
which  must  have  resulted  from  their  denudation." 

Tliirdly,  the  author  discusses  the  changes  of  climate  which  have 
influenced  the  dispersal  of  organisms,  and  this  leads  him  to  the 
subject  of  glacial  epochs  and  their  causes,  to  which  he  devotes  three 
chapters.  Those  readers  who  are  anxious  to  arrive  at  the  gist  of  the 
Work,  viz.  the  phenomena  of  insular  life,  will  perhaps  regret  that 
fio  much  space  has  been  devoted  to  this  class  of  speculation,  and 
some  might  even  think  that  with  a  concise  summary  of  conclusions 
in  the  text,  the  rest  of  the  matter  might  have  been  relegated  to  an 
appendix,  or  reserved  for  a  separate  work.  But  these  subjects  are 
1  See  ante,  p.  76,  "  Oceanic  Islands,"  by  T.  M.  Reade,  F.G.S. 
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im doubt edly  popular — they  appeal  so  powerfully  to  the  imagination, 
— and  may  in  a  certain  sense  enhance  the  value  of  the  volume.  The 
last  chapter  of  Part  I.  discusses  the  earth's  age,  and  the  rate  of 
development  of  animals  and  plants. 

Part  II. — When  the  difficulties  presented  by  the  peculiarities 
of  island  life  are  mastered,  Mr.  Wallace  is  of  opinion  that  we  shall 
find  it  comparatively  easy  to  deal  with  the  less  clearly  defined 
problems  of  continental  distribution.  Hence  the  importance  of  the 
Kubject  Islands  have  had  two  distinct  modes  of  origin,  and  the 
diiference  is  fundamental.  They  are  oceanic  or  continental.  Darwin 
has  shown  that  with  very  few  exceptions  all  the  remoter  islands  of 
the  great  ocean  are  of  volcanic  or  of  coralline  formation,  and  that 
none  of  them  contained  indip^enous  mammalia  or  amphibia.  Con- 
tinental islands  are  more  varied  in  their  geological  formation,  and 
may  be  divided  into  two  groups — ancient  and  recent.  Islands  of  an 
anomalous  character  constitute  a  fourth  section. 

Amongst  the  Oceanic  Islands  are  the  Azores,  Bermuda,  the 
Galapagos,  St  Helena,  and  the  Sandwich  Islands.  Amongst  the 
recent  continental  islands  are  the  British  Islands,  Borneo  and  Java, 
and  Japan  and  Formosa.  Madagascar  is  an  example  of  the  type  of 
ancient  continental  islands,  whilst  Celebes  and  New  Zealand  figure 
in  the  exhaustive  division. 

It  would  clearly  be  impossible  within  the  limits  of  a  review  to 
give  even  a  sketch  of  all  these  chapters,  each  of  which  is  a  little 
treatise  of  itself,  full  of  the  best  infornmtion  in  that  branch  of 
natural  history  which  is  connected  with  the  geogrnphicaj  distribution 
of  nnimals  and  plants.  A  sample  of  the  mode  of  treatment  of  each 
of  the  three  principal  sections  must  suffice. 

I.  Oceanic  Islands, — The  Azores,  which  bear  the  same  relation  to 
Europe  that  the  Bermudas  do  to  America,  lie  in  the  course  of  the 
south-westerly  return  trades,  and  also  of  the  Gulf-stream.  They  are 
000  miles  from  the  coast  .of  Poi*tugal.  with  a  maximum  depth  of 
2,500  fathoms  intervening,  and  are  destitute  of  all  terrestrial  indi- 
genous vertebrata.  To  the  oceanic  type  they  present  a  single  excep- 
tion, in  that  one  of  the  islands  contains  a  small  deposit  of  Miocene 
age.  Thus  the  group  may  be  of  considerable  antiquity,  but  the 
fauna,  "  at  all  events  as  regards  the  birds,  had  its  origin  since  the 
date  of  the  last  glacial  epoch."  The  small  amount  of  diflFerentiation 
which  time  has  effected  in  the  birds — a  bullfinch  being  the  only 
speciality — is  one  of  the  principal  reasons  for  this  belief  in  the  recent 
origin  of  the  fauna,  but  the  explanation  to  which  Mr.  W^allace  points  is 
scarcely  satisfactory.  The  glacial  theory  is  a  dangerous  weapon  even 
in  the  hands  of  tlie  most  experienced  geologists,  and  draws  quite  as 
largely  upon  the  unscientific  imagination  as  Atlantis  or  Lemnria — 
those  especial  bugbears  of  the  author.  AVhen,  therefore,  he  would 
have  us  infer  that  all  land  birds  were  destroyed  hy  the  severity  of 
glaciation  in  a  group  of  islands  situated  as  these  are,  and  at  tlie  sea- 
level,  we  should  at  least  expect  him  to  indicate  some  undoubted 
evidences  of  ice  action  in  the  islands  themselves,  before  consenting  to 
entertain  such  a  proposition. 
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"Why  not  try  Bubmersion  ?  He  believes  that  a  submersion  to  the 
extent  of  nearly  2,000  feet  destroyed  much  of  the  life  of  the  British 
Isles  during  the  latter  part  of  the  Glacial  epoch.  And  if  a  steady- 
going  continental  island  like  Britain,  with  a  pedigree  of  rocks  equal 
to  any  in  the  world,  should  have  thus  suffered,  why  not  a  volcanic 
accumnlation  in  mid- ocean,  presumably  unstable  by  reason  of  its 
composition  ?  It  is  true  that  Pico  is  7,000  feet  above  the  sea,  though 
this  is  very  exceptional. 

Bnt  the  submersion  of  an  oceanic  island  is  inconvenient,  as  this 
niijrht  favour  the  notion  of  Atlantis.  The  zoological  reasoning  is,  as 
usual,  admirable  throughout  the  chapter. 

2.  Recent  continental  islands, — **  Great  Britain  is  perhaps  the  most 
typical  example  of  a  large  and  recent  continental  island  now  to  he 
found  on  the  globe."      All  geoU^gists  are  aware  that  the  British 
Islands  rest  upon  the    100- fathom    platform,  which  extends    in  a 
sweep  from  the  coast  of  Jutland  round  by  Shetland  and  Ireland  to 
the  south-west  of  France,  and  that  a  rise  of  less  than  half  this  depth 
would  join  England  to  the  continent.     Mr.  Wallace  goes  into  the 
question  of  the  direct  evidence  that  exists  of  this  recent  union,  espe- 
cially quoting  the  cases  of  the  well-known  submerged   forests  in 
Cornwall,  Devon  and  the  Bristol  Channel.     Certainly  tlie  forest-bed 
of  Cromer,  in  Norfolk,  also  mentioned   by  him  in  this  connexion 
(p.  317),  belongs  to  quite  a  different  category,  as  this  is  a  pre-glacial 
forest  bed,  almost  Pliocene  in  its  character,  and  can  afford  very  little 
proof  of  our  latest  union  with  the  continent,  wliich  "  geologists  are 
all  agreed  was  subsequent  to   tlie  greatest  development  of  the  ice, 
but  probably  before  the  cold  epoch  had  wliolly  passed  away."     The 
buried  river  channels  in   Scotland,  far  below  the  present  sea-level, 
and  the  discovery  of  fresh-water  and  littoral  shells  at  considerable 
depths  off  our  coasts,  are  additional  proofs  of  former  elevation.     On 
the  other  hand,  the  well-known   phenomena  of  Moel  Tryfaen,  and 
elsewhere,   are  indications  of  a  submergence  which   is,  the  author 
Btates,  in  no  small  degree,  the  cause  why  our  islands  are  so  poor  in 
species,  since  sufficient  time  had  not  elapsed  for  immigration  to  have 
been  completed  "  before  the  influx  of  purely  terrestrial  animals  was 
again  cut  off.'*     This  would  seem  to  imply  also  that  the  communi- 
cation might  not  have  been  very  wide. 

Amongst  the  higher  animals  no  more  than  three  species — all 
birds — can  be  said  to  bo  peculiar,  and,  whilst  Germany  has  ninety 
species  of  land  mammalia,  Great  Britain  has  forty,  and  Ireland 
twenty-two.  Possibly  the  respective  areas  of  the  three  countries 
may  have  something  to  do  with  this,  but  the  same  cannot  be  said  of 
the  more  slowly  moving  reptiles  and  amphibia,  since  Belgium  has 
twenty-two  species  and  Ireland  only  four.  We  are  much  better  off 
in  freshwater  fishes,  there  l)ein;ij  no  less  than  fifteen  j)eculiar,  of 
yhich.  ten  are  species  of  trout  and  charr  restricted  to  certain  lakes 
in  the  British  Isles.  These  local  modifications  are  due  to  restnc5te(l 
iiiterconrse,  and  the  result  is  the  same  as  with  the  life  of  Oceanic 
islands.  The  remainder  of  this  chapter  (xvi.)  deals  with  the  insects, 
land  and  fresh  water  shells  and  flora,  and  is  full  of  highly  interesting 
matter. 
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3.  Ancient  continental  islands, — The  extraordinary  oomplexify  of 
the  organic  relations  of  Madagascar,  says  Mr.  Wallace,  is  due,  partly 
to  its  having  received  its  animal  fonns  from  two  distinct  sources, 
but  mainly  to  its  having  been  separated  from  a  continent  now 
zoologically  in  a  dififerent  condition.  The  facts  and  reasonings  of 
this  important  chapter,  though  in  the  main  zoological,  have  a  distinct 
geological  bearing.  Madagascar  has  not  the  characteristic  animals 
of  either  Africa  or  Asia.  Half  the  existing  species  consist  of  Lemurs. 
In  fact,  the  island  is  a  sort  of  Zoological  Garden  of  high  antiquity, 
free  from  the  ravages  of  the  large  Camivora,  where  decaying  groups 
of  creatures,  which  have  elsewhere  perished  or  become  scarce, 
maintain  a  comparatively  secluded  existence. 

Why  is  this  so  ?  When  Madagascar  was  united  to  Africa,  from 
which  it  is  at  present  8e[)arated  by  waters  of  considerable  depth,  the 
adjacent  continent  was  the!i  entirely  severed  from  Arctogaoa  by  the 
nummulitic  sea,  and  constituted  a  sort  of  Australia,  poor  in  the 
higher  forms  of  life.  The  upheaval  of  this  sea-bed  in  Miocene  times 
admitted  the  higher  types  of  mammalia,  which  were  developed  in 
the  great  Euro-Asiatic  continent,  to  the  mainland  of  Africa,  but 
Madagascar  had  then  become  an  island,  and  the  great  beasts  were 
thus  excluded  from  it.  We  know  from  the  ricli  deposits  of  fossil 
mammals  in  the  Miocene  beds  of  Europe  and  N.W.  India  that  the 
great  African  mammals  inhabited  those  regions. 

These  reasonings  tend  to  explain  the  absence  of  certain  forms  ;  we 
must  next  consider  the  origin  of  the  existing  groups.  Doubtless 
Madagascar,  through  the  mainland  of  Africa,  had  an  earlier  union  with 
Arctoga?a,  though  it  is  rather  a  strong  assumption  that,  otherwise,  it 
could  never  have  obtained  any  mammalia  (p.  391).  However,  the 
Lemurs,  Insectivores,  and  Civets  are  known  to  have  inhabited  Euroi>e 
during  the  Eocene  and  Miocene  j)eriods,  and  thus  a  certain  geo- 
graphical link  is  established  l>etween  the  ends  of  groups  now  wide 
asunder.  The  dispersal  of  these  groups,  superinduced  by  changes 
of  surface  and  climate,  throughout  long  ages  of  geological  time,  !nay 
thus  serve  to  render  possible  an  explanation  of  such  an  extreme  case 
as  that  of  the  insectivorous  Centetidfey  novr  confined  to  Madagascar 
and  the  West  Indies. 

The  question  whether  the  birds  of  Madagascar  require  the  adop- 
tion of  the  hypothetical  Lemuria  is  scarcely  one  to  be  discussed  in 
the  Geological  Magazine.  There  are  about  one  hundred  and  five 
land  birds,  all  but  four  or  five  being  ])eculiar.  W^hen  we  consider 
that  the  Azores,  more  than  thrice  as  far  from  the  mainland,  contain 
but  one  bird  peculiar  to  them,  and  bear  in  mind  also  that  the 
author  regards  their  whole  avifViuna  as  the  result  of  recent  immigra- 
tion, voluntary  or  involuntary,  we  can  only  express  surprise  at  the 
unenterpi-ising  character  of  the  birds  of  East  Africa,  who  do  not  care 
to  cross  the  Mozambique  channel,  though  the  Comoro  Islands  offer  a 
series  of  convenient  halting-places. 

The  cliapters  on  Now  Zealand,  and  on  the  Arctic  element  in  South 

Temperate  Floras,  complete  the  details  of  Island  Life — a  work  which 

I       is  certain  to  be  extensively  read,  and  which  is  full  of  instructivo 
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matter.  We  recognize  throughoat  the  vigorons  onginal  toaches  of 
the  accomplished  biologist,  and  if,  in  his  treatment  of  some  of  the 
problems  of  speculative  geology,  the  results  seem  not  quite  so 
satisfactory,  the  faults,  if  there  be  any,  are  perhaps  less  with  the 
author  than  in  the  nature  of  the  subject. 

The  volume  is  well  got  up,  and  usefully  illustrated  with  maps 
throughout.  W.  H.  IL 
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L— Dec.  lo,  1880.~Robert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — ^ITie  following  communications  were  read  : — 

1.  **  On  the  Constitution  and  History  of  Grits  and  Sandstones." 
By  John  Arthur  Phillips,  Esq..  F.G.S. 

In  the  first  part  of  this  paper  the  author  described  the  micro- 
scopic and  chemical  structure  of  a  large  series  of  grits,  sandstones, 
and,  in  some  cases,  quartzites,  of  various  geological  ages,  noticing 
finally  several  sands  of  more  or  less  xecent  date.  The  cementing 
material  in  the  harder  varieties  is  commonly,  to  a  large  extent, 
siliceous.  The  grains  vary  considerably  in  form  and  in  the  nature 
of  their  inclosures,  cavities  of  various  kinds  and  minute  crystals  of 
schorl  or  rutile  not  being  rare.  The  author  drew  attention  to  the 
evidence  of  the  deposition  of  secondary  quartz  upon  the  original 
grains,  so  as  to  continue  its  crystal  structure,  which  sometimes 
exhibits  externally  a  crystal  form.  Tliis  is  frequently  observdble 
in  sandstone  of  Carboniferous,  Permian,  and  Triussic  ajj;e.  Felspar 
gniins  are  not  un frequently  present,  with  scales  of  mica  and  minute 
chlorite  and  epidote.  Chemical  analyses  of  some  varieties  were  also 
given.  The  author  then  considered  the  effect  of  flowinoj  water 
upon  transported  particles  of  sand  or  gravel.  It  results  from  his 
investigations  that  fragments  of  quartz  or  schorl  loss  than  -r}J'  in 
diameter  retain  their  angularity  for  a  very  long  period  indeed, 
remaining,  under  ordinary  circumstances,  unrounded ;  but  they  are 
much  more  rapidly  rounded  by  the  action  of  wind.  It  is  thus 
probable  that  rounded  grains  of  this  kind  in  some  of  the  older  rocks, 
as,  for  example,  certain  of  the  Triassic  sandstones,  may  be  the  result 
of  iEolian  action. 

2.  **  On  a  New  Species  of  Trigonia  from  the  Purbeck  Beds  of  the 
Vale  of  Wardour."  By  R.  Etheridge,  Escj.,  F.K.S.,  President.  With 
a  Note  on  the  Stratigraphical  Position  of  the  Fossil  by  the  Rev.  W. 
B,  Andrews. 

In  this  paper  the  author  described  a  species  of  Trirjonia  discovered 
by  the  Rev.  W.  R.  Andrews  in  the  '*  Cinder-bed  "  of  the  Middle 
Purbeck  series  in  the  Vale  of  Wardour.  The  8i)ecimens  were  found 
in  the  railway-cutting  one  mile  west  of  Dinton  station.  The  shell 
was  referred  to  D'Orbigny's  section  "  Glabras'*  of  the  genus  Trigonia, 
and  named  Trigonia  densinoda.  In  its  ornamentation  it  closely 
resembles  T,  tenuitezta,  Lye,  of  the  Portland  Oolite ;  but  is  more 
depressed  and   lengthened  posteriorly,  and   destitute  of  the  ante- 
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carinal  space  which  occurs  in  all  known  Jurassic  "  Glabrss."  The 
escutcheon  is  remarkably  large  and  possesses  transverse  mgae, 
as  in  the  Neocomian  "  Qnadratas."  The  author  regarded  the  species 
as  a  transition  form  connecting  the  two  groups  of  Trigonim  above 
mentioned.  The  description  of  the  new  species  was  accompanied 
by  a  note  on  the  Purbeck  strata  of  the  Vale  of  Wardour  by  the 
Kev.  W.  K.  Andrews. 

II.— Jan.  5,  1881.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "The  Archasan  Geology  of  Anglesey."  By  C.  Callaway,  Esq., 
M.A.,  D.Sc,  F.G.S.  With  a  Note  on  the  Microscopic  Structure  of 
some  of  the  Rocks,  by  Prof.  T.  G.  Bonney,  M.A.,  F.li.S.,  Sec  G.S. 

The  author  disoussAd  the  stratigraphy  and  lithological  characters 
of  the  rocks  in  the  following  areas: — The  border  of  the  Menai 
Strait,  the  Llangefni  region,  and  the  central  zone,  about  Bodafon, 
Llangwyllog,  Llanerchymedd,  and  Paris  Mountain,  which,  he 
considers,  establish  the  following  conclusions:  —  (1)  that  in 
Anglesey  there  are  two  Archaean  groups,  the  slaty  and  the  gneissic ; 
(2)  the  slaty  is  composed  of  slates,  shales,  limestones,  grits,  con- 
glomerates, and  chloritic  schists,  in  which  at  present  a  definite  order 
lias  not  been  ascertained.  The  gneissic  group  is  composed  of  the 
following,  in  descending  order — granitoidite,  chloritic  and  horn- 
blendic  schists,  grey  gneiss,  qnaitz-nchist,  and  hallefiinta;  (3)  the 
slaty  series  is  occasionally  foliated,  but  is  usually  in  a  partially 
altered  state ;  the  gneissic  group  is  thoroughly  metamorphosed  ; 
(4)  the  slaty  series  has  closer  lithological  affinities  with  the  St 
Davids  volcanic  group,  the  Chamwood  rocks  and  the  Lilleshall 
series  than  with  the  Bangor  gi'oup  ;  (5)  the  slaty  series  is  un- 
doubtedly Pebidian,  the  gneissic  series  may,  with  some  probability, 
be  referred  to  the  Dimetian.  The  microscopic  structure  of  the 
principal  varieties  of  the  rocks  mentioned  in  the  above  paper  was 
described  by  Prof.  Bonney. 

2.  "  The  Limestone  of  Durness  and  Assynt"  By  C.  Callaway, 
Esq.,  D.Sc,  F.G.S. 

This  paper  gave  the  result  of  an  examination  of  the  vicinity  of 
Durness  and  Inchnadamf,  where  Lower  Silurian  fossils  occur  in  a 
limestone,  as  discovered  by  Mr.  C.  Peach.  At  Durness  the  only 
evidence  of  the  limestone  underlying  the  schist  is  the  asserted  fact 
of  the  dip  being  in  the  same  direction ;  for  all  admit  the  junction 
to  be  a  faulted  one.  The  author  showed  that  while  the  flaggy 
(upper)  schists  dij)  uniformly  to  N.E.,  the  limestone  dips  in  a  very 
variable  manner  E.S.E.,  E.,  and  but  rarely  N.E.,  any  dip  N.  of  E. 
being  exceptional,  and  then  only  at  a  distance  from  the  schist. 
Again,  the  Smoo  mass  of  limestone,  cut  off  from  the  Durness  area  by 
a  faulted  strip  of  gneiss,  dips  either  E.S.E.,  or  even  more  to  S. 
After  discussing  the  relation  of  the  quartzite  and  gneisses,  the  author 
passed  to  the  Assynt  district,  and  pointed  out  that  the  relations  of 
the  liniL'stone  and  the  quartzite  are  by  no  means  satisfactorily 
established,  that  their  conformity  is  rendered  dubious  by  a  marked 
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discordance  of  strike,  and  that  the  limestone  lies  in  a  synclinal 
basin,  so  that  its  dip  in  one  place  is  in  the  opposite  direction  to  that 
of  the  quartzite.  From  the  above  considerations  the  author  holds 
that  iu  these  districts  there  is  no  proof  of  the  Lower  Silurian  age  of 
the  quartzite  and  newer  series  of  flaggy  gneiss  and  schist. 

3.  "On  a  Boulder  of  Homblende-Pikrite  near  Pen-y-Carnisiog, 
Anglesey."     By  Prof.  T.  G.  Bonney,  M.A.,  F.R.S.,  Sec.G.S. 

The  boulder  described  had  been  originally  about  a  cubic  yard  in 
volume,  and  the  fragments  lay  in  a  field  left  of  the  road  from 
Pen-y-Camisiog  to  Bwlyn.  The  ground-mass  consists  of  hornblende 
and  serpentinous  products  with  a  little  mica.  In  this  are  crystals, 
often  i  inch  long,  of  brown  hornblende  with  inclosures  of  altered 
olivine.  The  author  doubted  whether  this  hornblende  is  not  a 
paramorph  after  augite;  some  of  that  in  the  ground-mass  is  certainly 
of  secondary  origin.  He  compared  the  rock  with  a  pikrite  from 
the  Lleyu  peninsula,  and  two  described  by  Prof.  Geikie  from 
Pifesbire.  It  differs  from  all  these,  but  has  a  singular  resemblance 
tea  pikrite  from  Schriesheim  (Odenwald),  except  that  it  is  rather 
more  altered.  He  called  attention  to  the  rock  in  hopes  that  some 
geologists  may  discover  it  t»  Bxtu,  as  it  will  be  of  much  value  iu 
deciding  in  what  direction  the  ice  has  moved  over  Anglesey. 


COI^I^EISI^OIsrX)EIIsrOEI. 


DISTURBANCES  IX  THE  CHALK  OF  NORFOLK. 

Sir, — In  the  "Annals  and  Magazine  of  Natural  History,"  for 
October,  1880,  is  an  interesting  paper  by  Mr.  Jukes-Browne  on  **  The 
Chalk  Bluffs  of  Trimmingham,"  wherein,  after  noting  the  opinions 
of  various  writers  concerning  their  origin  and  history,  ho  expresses 
his  own  conviction  that  they  are  outlying  rocks  or  needles  formed 
previously  to  the  deposition  of  the  Pliocene  (fluvio-marino)  series  of 
the  Norfolk  coast. 

Mr.  Jukes-Browne  justly  compares  the  disturbances  in  the  chalk 

at  Trimmingham   with  those   at   Whitlingham  and    Swainsthorpe, 

brought  into  notice  by  Mr.  J.  E.  Taylor  (Geol.  Mag.  Vol.  II.  p.  324  ; 

Vol.  III.  p.  44),  and  endeavours  to  support  his  own  view  of  the  date 

of   the   Trimmingliam    disturbance   by  reference   to   Mr.   Taylor's 

statement  that  the  Chalk  at  Whitlingham  was  disarranged  before  the 

formation  of  the  Norwich  Crag.     In  a  more  recent  paper  by  Mr. 

Taylor  (Geol.  Mag.  Vol.  VI.  p.  509)  the  author,  however,  attributes 

the  twisting  and  dragging  up  of  the  Chalk  and  its  flint-layers  to  the 

agent  which  formed  the  Upper  or  Chalky  Boulder-clay.     This  view  I 

entirely  coincide  with,  and  during  my  Geological  Survey-work  near 

Norwich  I  obtained  conclusive  evidence  that  the  similar  disturbance 

atTrowse  was  due  to  glacial  action  (Geol.  Mag.  Dec.  II.  Vol.  VI. 

p.  380).     I  differ  only  from  Mr.  Taylor  in  assigning  the  formation 

of  this  Boulder-clay  to  the  direct  agency  of  land-ice,  whereas  he 

inclines  to  the  view  that  the  Upper  Boulder-clay  was  formed  under 

glacial-marine  conditions,  and  that  the  stranding  of  ice-bergs  would 

Account  for  the  disturbances  of  the  Chalk.     There  is  much  to  be  said 
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on  both  sides  of  the  question ;  my  object,  however,  in  writing  this, 
was  not  to  discuss  the  origin  of  the  Chalky  Bonlder-clay,  but  to 
point  out  that  the  more  remarkable  disturbances  in  the  Chalk  near 
Norwich  are  of  glacial  origin,  and  subsequent  to  the  deposition  of 
the  Norwich  Crng.  The  section  at  Litcham,  described  by  Mr.  S.  V. 
"Wood,  jun.,  tells  the  same  story ;  and  having  visited  the  Bluffs  at 
Trinimingham  on  many  occasions  with  my  colleague,  Mr.  Clement 
Reid,  I  have  been  led  to  adopt  his  explanation  that  the  disturbances 
of  the  Chalk  there  were  produced  by  land-ice. 
Fakenham.  Horack  B.  Woodward. 


THE  TRE-CAMBRIAN  ROCKS  OF  BRITAIN  AND  BOHEMIA. 
Sir, — In  Mr.  Marr's  valuable  paper  On  the  Pre-Devoman  Rocks  of 
Bohemia,  publishe<l  in  the  last  number  of  the  Geological  Society's 
Journal,  there  is  one  point  on  which  further  evidence  would  seem 
desirable.  I  refer  to  his  correlation  of  the  Bohemian  gneissic  series 
with  the  St.  David's  Dimetian.  He  describes  the  Bohemian  rocks 
as  "  gneiss,"  "  gneissic  rock  ....  interspersed  with  small  garnets," 

"white  foliated  quartzose  rock,"  "crystalline  limestone 

strongly  foliated,  and  containing  silvery  mica."  Besides  these  rocks 
there  is  a  "band  of  graphite"  and  dykes  of  "black  eclogite." 
Having  examined  the  Dimetian  of  St.  David's  from  top  to  bottom, 
I  did  not  find  any  one  of  the  varieties  named  by  Mr.  Marr.  Tlie 
series  is  mainly  composed  of  quartzite  and  granitoid  rock,  and  the 
existence  of  foliation  has  not  been  proved  in  either  the  quartzose  or 
the  more  felspathic  types.  I  do  not  deny  the  Dimetian  age  of  the 
Bohemian  gneiss,  but  1  should  hesitate  to  accept  the  present  evidence 
as  decisive  of  the  point.  From  Mr.  Marr's  description,  the  Pebidian 
age  of  etage  A  appears  highly  probable,  and  the  discovery  is  of  great 
interest.  The  two  Pre-Cambrian  groups  in  Bohemia  are  in  their 
lithology  not  unlike  the  two  Anglesey  series,  of  which  full  descrip- 
tions will  shortly  be  communicated  to  geologists.  If  the  older 
Anglesey  series  could  be  definitely  accepted  as  Dimetian,  Mr.  Marr's 
opinion  would  receive  strong  confinnation.  C.  Callaway. 

Wellington,  Salop,  Nov,  30,  1880. 


ON  THE  TUSCAN  SERPENTINES. 
Sir, — The  author  of  the  notice  of  Prof.  Pantanelli's  paper  Ji>ta5pri 
della  Toacanay  etc,  (Geol.  Mag.,  1880,  p.  664)  inadvertently  attributes 
to  me  an  opinion  which  I  do  not  hold,  when  he  includes  me  among 
those  who  have  recently  maintained  "  that  the  (Tuscan)  serpentines 
represented  true  submarine  lavas  of  the  Upper  Eocene."  On  the 
contrary,  in  my  paper  (Vol.  VI.  p.  362)  I  am  at  some  pains  to  show 
that  these  serpentines  are  intrusive  in  the  dias[)ro,  etc.  The  evidence 
against  their  being  contemporaneous  lava  flows  is  strong.  It  is  a 
remarkable  thing  that  olivine  rocks  appear  very  rarely  to  reach  the 
surface.  I  have  never  myself  seen  a  serpentine  which  was  not 
intrusive.  Some  pierites,  however  (e.g.  that  described  by  Professor 
Geikie  in  his  paper  on  the  Volcanic  Rocks  of  the  Firth  of  Forth), 
and  limburgites  appear  to  be  lava  flows,  as  may  possibly  be  one  or 
two  other  olivine  rocks.  T.  G.  Bonney. 
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ENTOMOSTRACA  IN  COAL-SHALES. 

Sib, — In  the  black  shale  lying  around  the  bases  of  some  of  the 

Sigillarian    tree-stumps  or  stools,   containing     remains    of    small 

Amphibia  {DendrerpeUmy  etc.),  and  Land-shells  {Pupa,  etc.),  at  the 

South  Joggins,  Principal  Dawson,  of  Montreal,  has  detected  numerous 

specimens  of  Entomostraca.^     Portions  of  this  shale,  forwarded  for 

examination,  have  yielded   to  my  friend   Mr.  J.  W.  Kirkby   and 

myself  several  specimens  of  Carhonia  fahuUna,  J.  and  K.,'  mostly 

of  the  typical  form,  but  some  belong  to  the  variety  which  we  term 

fctim»7f«.*     All  of  them  have  the  surface  of  the  valves  either  punctate 

or  subreticulate.     Tlie  muscle-spot  is  only  indicated  in  one  or  two 

subtranslucent  specimens.     A  single  valve  of  a  larger  and  relatively 

longer  species    is   near   to,   if    not   identical   with,   our   Cythere  ? 

httirdioides*     Besides   1.    Carhonia  fabuUna,  with   its  var.  hiimilis, 

and  2.  C.  ?  hatrdioides,  there  are  present  in  this  shale — 3.  Ganoid 

scales  of  Fishes  ;  4.  very  thin  shells  like  Anthracomya  (Naiadites) ; 

6.  Spirorbis  {carbonarius,  or  near  it) ;  6.  bits  of  carbonized  wood, 

Bhowing  structure ;  7.  Obscure  Plant  Remains,  abundant 

T.  Rupert  Jones. 


CERVUS  MEGACEROS  IN  BERKSHIRE. 

Sib, — Portions  of  the  Antlers  of  two  individuals  of  the  Gigantic 
Irish  Deer  ( Cervna  megaceros)  dug  out  of  the  Peat  of  the  Ken  net 
Valley,  at  Aldermaston,  have  been  lately  procured  by  my  friend  Mr. 
Walter  Money,  F.S.A.,  of  Newbury,  and  will  probably  find  a  resting 
place  in  the  Museum  of  the  Oxford  University.  This  authenticated 
find  of  Cervtts  megaceros  in  the  Post-glacial  or  Quaternary  alluvium  of 
Berkshire  will  be  of  interest  to  some  of  your  readers. 

T.  Rupert  Jones. 


PEBBLE  FROM  THE  CAMBRIDGE  GREENSAXD. 

Sir, — I  notice  that  in  your  September  Number  Mr.  Keeping  calls 
attention  to  a  pebble  of  tho'Wrekin  devitrified  pitchstone  which  was 
found  in  the  Upper  Neocomian  deposit  of  Potton.  It  may  bo  of 
interest  to  some  of  your  readers  to  know  that  I  found  a  pebble  of  a 
rather  similar  nature  in  the  Cambridge  Greensand  near  Horaingsey, 
last  June.  It  was  a  subangular  fragment  showing  well-marked 
fluidal  structure.  Prof.  Bonney  kindly  had  a  thin  section  cut  for 
Hie,  and  examined  it.  He  said,  **  It  is  a  sort  of  devitrified  pitch- 
stone  or  rhyolite  with  well-marked  fluidal  structure ;  it  is  inclined 
to  be  spherulitic,  and  the  nature  is  undoubted."  He  thinks,  how- 
ever, that  it  has  not  exactly  the  structure  of  the  Wrekin  pitchstones, 
but  might  possibly  be  matched  either  in  Scotland  or  Norway. 

Sidney  College,  Cambridge,  tit    rn-   Watta 

Xov.  14M,  1880.  VY.    W.    VYATTS. 

^  Seethe  '*  American  Journal  of  Science,"  vol.  xi.  November,  1880,  p.  404. 
'  "Annals  Nat.  Hist."  ser.  6,  vol.  iv.  p.  31,  pi.  2,  tigs.  1-10. 

*  iM.  tigs.  11-14. 

*  ibid,  p.  38,  pi.  3,  figs.  24-26. 
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niESENTATION   OP    THE  EDWARD  WOOD   COLLECTION   TO   THE 

YORK  MUSEUM. 

Sir, — The  well-known  collection  of  fossils  formed  by  the  late  Mr. 
E.  Wood,  of  Richmond,  Yorkshire,  has  been  purchased  by  Mr.  Wm. 
Keed,  F.G.S.,  of  York,  and  by  him  presented  to  the  Museum  of  the 
Yorkshire  Philosophical  Society,  York. 

The  collection  consists  of  about  10,000  specimens,  and  is  specially 
rich  in  fossils  from  the  Carboniferous  rocks.  W.  Keeping. 

The  Museum,  York,  Jan,  17M,  1881. 

Mr.  Heed  had  previously  presented  his  own  magnificent  collection 
of  fossils  to  the  Yorkshire  Philosophical  Society. 


:M:isoEijij-A.2:q-EOxrs. 


A  Fossil  Rhinoceros  in  the  Flesh.— The  body  of  a  large 
Rhinoceros  was  recently  discovered  in  the  Werohojanksi  district, 
Siberia.  It  was  found  on  the  bank  of  a  small  tributary  to  the 
Jana  (Lena?)  river,  and  was  laid  bare  by  the  action  of  the  water. 
It  was  remarkably  well  preserved,  the  skin  being  unbroken  and 
covered  with  long  hair.  Unfortunately  only  the  skull  of  this  rare 
fossil  has  reached  St  Petersburg,  and  a  foot  is  said  to  be  at  Irkutsk, 
while  the  remainder  was  allowed  to  be  washed  away  by  the  river 
soon  after  it  had  been  discovered.  The  investigation  of  the  skull 
nhows  that  this  Rhinoceros  (H.  Merckii)  is  a  cormecting  form 
between  the  species  now  existing  and  the  so-called  Rhinoceros  iicho- 
rhtnuSy  remains  of  which  are  not  unfrequently  found  in  the  Brick-earth 
of  the  Valley  of  the  Thames  at  Ilford,  and  in  Prussia. 

The  Readers  of  this  Magazine  will  be  glad  to  learn  that  Mr.  A.  R. 
"Wallace,  the  celebrated  explorer,  naturaUst,  and  author,  is  to  receive  a  pension  of 
£200  a  year  from  the  GoTemment,  in  recognition  of  his  eminence  in  zoological  science, 
in  promoting  which  he  has  done  so  much  good  scnrice. 

We  are  requested  by  the  author  to  print  the  subjoined  list  of  Errata  in  Mr.  II.  H. 
Howorth's  paper  on  '**  The  Mammotn  m  Siberia,"  Geul.  Maq.  Dec.  1880,  pp. 
650—661. 
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I.— Ox  THB  Connexion  between  Travelled  Blocks  in  the  Upper 
Punjab  and  a  supposed  Glacial  Period  in  Upper  India. 

By  A.  B.  Wynnb,  F.G.S.,  etc. 

THE  transported  blocks  of  the  Indus  Valley  are  not  without 
some  interest  in  connexion  with  the  theory  of  an  Indian 
Glacial  Period  akin  to  that  of  Europe,  and  with  regard  to  the 
support  they  do  or  do  not  give  to  that  supposition. 

I  do  not  propose  to  enter  into  the  whole  question  of  this  Glacial 
Period,  one  much  affected  by  observations  made  in  regions  which 
I  have  not  explored,  bat  only  intend  to  discuss  facts  within  my 
bowledge  concerning  a  district  with  which  I  am  better  acquainted. 

The  district  is  the  Upper  Punjab,  the  northern  part  of  **  the  land 
of  the  five  rivers,"  and  is  almost  entirely  included  in  tho  local 
portion  of  the  basin  of  the  largest  of  these,  the  Indus  or  Abba  Sin, 

From  the  last  gorge  of  this  great  river,  where  it  issues  from  the 
Himalayan  Mountains,  down  to  within  a  few  miles  of  where  it  breaks 
through  their  furthest  outworks  in  a  southerly  direction,  a  quantity 
of  crystalline  masses  derived  from  the  Himalayan  ridges,  and  often 
of  huge  size  up  to  50  or  100  feet  girth,  are  distributed  for  forty  or 
fifty  miles,  chiefly  on  its  left  bank,  and  so  far  as  twenty  miles  from 
the  river  itself.'  Similar  blocks  also  occur  locally  along  smaller 
tributaries  of  the  Indus  and  of  the  Jhelum,  which  is  one  of  its 
affluents,  but  these  blocks  are  not  known  at  any  great  distance  from 
the  hills. 

The  blocks  in  question  were  noticed  many  years  ago  in  one  of  Dr. 
Verchere's  papers,^  and  subsequently  in  the  publications  of  the 
Geological  Survey  of  India,  where  I  have  attributed  their  distribution 
to  the  agency  of  floating-ico  ;  but  my  friend  and  colleague  Mr. 
Theobald  claims  that  they  are  additional  evidence  in  support  of  his 
"^iew  that  extensive  glaciers  once  descended  from  the  Himalayjis  and 
left  their  detritus  on  the  plains  of  India  at  elevations  of  and  under 
2oOO  feet,  where  the  climate  has  so  much  changed  that  snow  is  now 
never  known  to  fall. 

Mr.  Theobald's  last  pai)er  on  the  subject  appears  in  the  Geol.  Surv. 
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Ind.  Becords,  vol.  xiii.  pt.  4J  After  referring  to  the  distribution  of 
the  blocks  which  I  have  called  "the  Indus  drift,*'  he  contends  that  they 
occur  only  on  the  surface  of  fluviatile  deposits,  and  hence  that  they 
must  form  parts  of  lateral  moraines  or  other  glacially  transported 
detritus,  it  would  seem  according  to  his  view  deposited  from  tlie 
melting  both  of  solid  glaciers  and  also  of  floating-ice.  Where  the 
limit  between  these  two  varieties  of  ice  agency  occurs  he  does  not 
indicate,  and  it  does  not  appear  how  his  glaciers  traversed  the 
fluviatile  deposits  without  disturbing  them  or  sweeping  them  away. 

It  seems  to  be  generally  received  that  towards  the  close  of  the 
great  Tertiary  period  in  the  Punjab,  during  which  rocks  to  the 
thickness  of  some  miles  were  deposited,  and  the  successive  stages 
of  the  elevation  of  the  Himalayas  took  place,  one  of  the  last  up- 
heavals of  these  mountains  occurred.  It  may  also  be  considered 
highly  probable  that  these  earth-movements  of  the  Himalaya  were . 
not  always  conterminous  with  the  extent  of  the  whole  chain. 
However  this  may  be,  I  have  met  with  some  evidence  which  may 
point  to  the  possibility  that  the  western  or  Punjab  portion  of  the 
mountains  was  even  so  recently  as  during  Post-Tertiary  times  much 
more  elevated  than  it  is  at  present. 

On  two  of  the  outer  ranges,  at  heights  of  many  hundred  feet 
above  the  Indus,  near  the  summits  of  the  Chita  and  Salt  Ranges  in 
the  vicinity  of  this  river,  I  have  found  either  coarse  river-like 
deposits  or  scattered  irregularly-shaped  and  rounded  dark  or 
variously -coloured  river-stones,  consisting  of  precisely  the  same 
Himalayan  rocks  as  are  now  being  rolled  southwards  by  the  river 
through  its  gorges  far  below.  Upon  these  facts  I  rested  the  sup- 
position that  the  river  channel  was  once  situated  at  a  height  of 
something  like  a  thousand  or  fifteen  hundred  feet  above  its  present 
level,'  in  which  case  the  neighbouring  ranges  of  the  Himalaya,  as 
far  as  the  sources  of  the  river,  might  also  have  been  much  more 
lofty. 

*  In  this  publication  my  collcngnc  has  scarcely  given  an  accurate  view  of  my 
statt'ments  or  opinions.  His  sugpestion  that  I  thought  the  Indus  had  abandoned  its 
deep  rocky  gorge  at  the  Chita  range  since  this  was  formed  is  not  warranted  by  any- 
thing I  have  written.  His  view  that  stones  from  the  bed  of  that  river  were  carried  up 
to  villages  on  the  summits  of  the  range  named,  by  their  inhabitants  for  the  purpose 
of  decorating  graves,  had  of  course  suggested  itself  to  me,  and  been  rejected  for 
want  of  eWdence  that  such  villages  or  the  graves  of  their  inhabitants  ever  existed 
there.  He  classes  me  by  implication  as  one  of  his  Antiglacialista,  because  I  have 
refrained  from  advocating  his  theory,  for  want  of  conclusive  evidence.  With  these 
exceptions,  and  a  few  others  of  minor  importance  as  to  his  limitation  of  the  localities 
occupied  by  the  travcll(»d  blocks,  I  only  regret  that  the  paper  seems  to  prove  nothing 
in  support  of  the  author's  views  as  to  the  connexion  between  the  blocks  and  glaciation 
at  low  U'vels  in  India. 

*  In  the  paper  alluded  to  before,  Mr.  Theobald  argues  that  the  Indus  did  not  cross 
the  Chita  Range  at  a  higher  level,  because  he  failed  to  find  its  erratics  {i.e.  trans- 
ported debris),  caught  in  clefts  between  the  limestone  crags  of  the  range.  From  his 
reference  it  would  appear  likely  that  he  only  crossed  one;  or  other  of  tlie  low  passes  of 
the  range  by  road,  where  the  liiliitHl  nature  of  his  observations  might  lessen  their  force, 
if  this  were  not  entirely  set  aside  by  the  fact  that  the  mountain  surface  of  that 
period  must  long  since  have  been  removed  by  denudation.  The  argument,  however, 
was  not  that  the  river  had  wandered,  but  that  it  ran  at  a  much  higher  level  nearly 
at  the  same  place. 
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Otherwise  a  slow  elevation  might  be  sapposed  to  have  taken 
place  nearly  at  the  same  rate  as  the  river  cut  its  channel,  or  the 
resalt  might  be  ascribed  to  the  vast  and  continuous  operation  of 
aerial  denudation,  in  reducing  the  altitude  of  the  ground. 

If  either  the  first  or  the  last  of  these  suppositions  be  correct,  the 
greater  elevation  of  the  mountains  would  bring  the  regions  of  glaciers 
and  perennial  snows  under  existing  climatic  conditione  nearer  to 
tbe  area  now  covered  by  the  transported  blocks. 

The  Indus  is  famous  for  its  debacles,  and  these,  carrying  in  their 
rush  fragments  of  glaciers  laden  with  rock  masses  from  the  high 
regions  into  a  lake  (which  there  is  reason  to  suppose  once  covered 
mach  of  the  Northern  Punjab  Steppe),  it  appears  to  me  would 
aooount  very  simply  for  the  transport  southwards  of  the  blocks 
referred  to,  and  also  for  their  distribution. 

The  lacustrine  character  of  the  silt  or  loess,  extensively  spread 
over  the  Bawul  Pindi  plateau,  is  in  favour  of  the  former  existence 
of  a  lake  or  lakes  in  much  the  same  relative  position  to  the  mountains 
as  the  Terai  swamps  at  their  foot  further  eastward,  and  in  its  waters 
the  ice-floated  blocks  could  have  been  impelled  for  some  distance  in 
the  currents  caused  by  floods. 

As  the  natural  consequence  of  the  ordinary  glaciers  of  the 
moantains  approaching  nearer  to  the  plains,  owing  to  greater  alti- 
tude, traces  of  these  glaciers  might  still  be  found  in  ice-bc.rne 
blocks  resting  where  glaciers  no  longer  exist  beyond  the  area  occu- 
pied by  the  supposed  lake  or  lakes.  Where  such  blocks  rested  on 
softer  material  than  themselves,  sub-aerial  denudation  would  reduce 
their  stability  till  they  might  be  rolled  into  the  deepest  Khuda  and 
river-courses,  as  is  the  case  along  the  Upper  Indus,  the  Upper 
Jhelum  in  Kashmir  territory,  or  along  its  tributary  the  Nainsuk 
from  Kaglian. 

It  would  thus  appear  that  either  within  or  beyond  the  area  where 
floating-ice  could  move  thorn,  great  transported  rock  fragments  such 
as  these  could  find  their  way  into  their  present  positions  without 
the  necessity  for  imagining  that  enormous  glaciers  spread  in  recent 
times  from  the  Himalaya  Mountains  out  over  the  plains  of  India,  to 
elevations  not  more  than  2000  feet  (or  even  less)  above  the  sea,  or  to 
distances  of  40  or  50  miles  away  from  these  mountains — in  the 
Upper  Punjab. 

To  any  one  familiar  with  the  appearance  of  the  ** Drift'*  of  Ireland 
and  the  glacial  features  of  many  of  its  hill  regions,  the  great  difier- 
ence  between  these  features  and  the  supposed  glacier  work  in  the 
Upper  Punjab  is  so  palpable,  that  the  strongest  possible  doubts 
suggest  themselves  as  to  the  probability  of  extensive  glaciation  at 
low  levels  in  the  north  of  India,  and  certainly  when  the  circum- 
stances urged  in  favour  of  this  bear  any  other  interpretation,  the 
alternative  supposition  gathers  force  from  the  comparison. 
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II. — Notes  on  the  Phtsioal  Charactsb  and  Thickness  of  the 
Upper  Silurian  Rooks  of  Shropshire,  with  the  Bbaohiopoda 
TiiET  Contain  grouped  in  Geologioal  Horizons. 

By  Thomas  Dayidson,  F.R.S.,  and  George  Maw,  F.G.S.. 

{Continued  from  p,  13.) 

SHROPSHIRE  was  always  considered  by  Sir  Roderick  Murcbison 
as  one  of  tbe  districts  in  wbicb  bis  Upper  Silurian  rocks  could 
bo  most  advantageously  studied.*  We  propose,  tberefore,  in  tbis 
communication  to  offer  some  few  notes  on  the  Geology  and  Palason- 
tology  of  tbe  Wenlock  and  Ludlow  series;  illustrated  by  the 
Brachiopoda,  reserving  for  the  present  what  we  may  have  to  com- 
municiite  with  respect  to  tbe  Upper  Llandovery. 

The  extensive  washings  undertaken  by  one  of  us  have  brought  to 
light  some  fifty  to  sixty  thousand  specimens,  of  which  some  were 
previously  unknown,  while  others  were  new  to  the  district.  Tbe 
new  species  will  be  described  and  figured  in  the  sequel. 

The  occurrence  of  cleanly-washed  fossils  in  the  debris  remaining 
from  many  of  the  clays  and  shales  suggested  to  one  of  us  that  the 
potter's  process  of  laevigation  might  be  conveniently  employed  by  the 
geologist  for  the  collection  of  fossils,  esi)ecially  of  the  smaller 
species,  from  the  soft  shales,  in  which  hand-picking  is  at  best  a 
most  laborious  process. 

The  potter's  object  in  clay  loavigation  is  to  get  rid  of  the  coarser 
matter.  The  fossil  collector  pursues,  as  it  were,  the  process  in 
reverse  by  getting  rid  of  all  the  clay  and  fine  matter,  and  obtaining 
in  a  compact  form  the  coarse  debris,  including  the  organic  remains. 

A  potter's  "  Blunging "  or  clay  Isevigating  machine,  though  it, 
gieatly  facilitates  the  process,  and  enables  large  quantities  of 
iiiatenal  to  bo  quickly  Issvigated,  is  not  essential,  as  an  experienced 
worker  can  in  a  day  easily  lasvigato  several  hundredweights  of  clay 
or  soft  shale,  with  the  aid  only  of  a  tub  and  a  stout  wooden  stirrer. 

The  operator  should  provide  himself  with  a  set  of  sieves  of  the 
following  mesh  :  1,  2,  4,  6,  10  and  12  wires  to  the  inch. 

Having  digested  in  water,  say,  half  a  ton  of  material,  the  "  slip  " 
or  liquid  clay  is  poured  off  through  the  No.  12  or  finest  sieve,  which 
would  catch  any  small  fossils  ;  and  the  remaining  debris,  which 
might  weigh  about  a  hundredweight,  should  be  repeatedly  washed 
with  fresh  water,  by  which  all  tine  matter  will  be  removed,  and  the 
material  remaining  will  in  most  cases  resemble  clean  coarse  gravel, 
with  which  the  operator  will  have  further  to  deal.     As  this   will 

'  AV«'  follow  Sir  Kodorirk  MurcliisoTrs  classitication  of  the  Lower  Palaeozoic 
foniiaHoiis,  for  no  jrcoloj^ist  workwl  harder  to  unravel  the  complicfttions  under  which 
the  r]>|>(T  and  Ix)wrr  Silurian  roeks  were  shrouded.  The  puhlieution  of  the 
"  Silurian  Systt^m"  in  ISiJ'J,  with  all  its  iniperfc^etions  and  on  the  model  of  Smith's 
*•  Strata  ideutitied  hy  Or^tnizcd  Fossils,"  did  more  than  any  other  work  t^  stimulate 
rt.searelu'H  in  the  ri^'ht  direction  all  over  the  world.  See  also  liarrande's  important 
paper  ''  Du  maintien  de  la  nomenelature  ctahlie  par  Mr.  Murehison,"  Cougres 
Juu^matioiuil  de  Geologio,  p.  101,  Paris,  1878. 


r.  Davidson  Sf  O,  Maw — U.  Silurian  J^ks-of  Shropshire.    101 

ultimately  be  the  subject  of  the  laborious  process  of  "  hand-picking," 
it  is  desirable  to  reduce  its  bulk  as  much  as  possible.  Tbe  whole  is 
first  passed  through  the  sieve  of  one-inch  mesh,  which  catches  all 
the  stones,  lumps  of  undigested  shale  and  the  larger  fossils,  which 
are  easily  picked  out.  The  mass  is  thus  reduced  to^  from  half  to 
two-thirds  of  its  weight,  and  is  then  dried.  It  greafly  Militates 
further  operations,  to  sort  this  into  separate  sizes  %  passing 
the  dried  material  successively  through  the  sieves  of  J  inch.  }'  of 
an  inch,  and  -jV  of  an  inch  mesh.  The  fine  matter  passed  through 
the  Vo  of  an  inch  mesh  seldom  contains  fossils,  and  may  be  thrown 
away. 

Now  comes  the  final  process  of  hand-picking  from  the  three  sortcfd 
lots  of  debris.  These  are  spread  out  thinly  on  a  slab  of  slate  or  a 
nnooth  board,  and  women,  at  a  wage  of  l8.  6(i  a  day,  quickly  per- 
form the  operation,  and  readily  lesmi  not  only  to  pick  out  the  fossils 
from  the  gravelly  debris,  but  also  to  roughly  sort  the  species. 

As  an  instance  of  the  good  results  of  this  process,  we  would  men- 
tion that  from  one  cartload  of  the  Buildwas  Beds  of  Wenlock  Shale 
no  less  than  4800  specimens  of  one  species,  Orthia  biloba,  were 
obtained,  besides  a  much  greater  bulk  of  other  Braohiopods,  amount- 
ing together  to  10,000  specimens  at  least ;  but  this  does  not  nearly 
represent  the  full  wealth  of  life  of  this  rich  horizon,  as  many  of  the 
larger  species,  and  others  not  completely  calcified,  would  get  broken 
up  in  the  washing  process,  and  we  have  had  to  supplement  the 
species  obtained  by  washing  with  a  series  of  hand-picked  specimens. 

The  whole  of  the  debris  has  been  preserved  after  picking  out  the 
Brachiopods,  as  it  abounds  in  minute  corals  and  other  fossils,  which 
will  we  hope  be  investigated  by  other  observers. 

The  cost  of  the  process,  with  the  aid  of  a  potter's  clay  blunging 
machine,  amounts  to  about  18a.  per  ton  of  materials.  This  includes 
the  cartage  of  the  sliale  two  or  three  miles,  tlie  whole  process  of 
washing,  and  the  hand-picking  of  the  fossils  by  paid  workers. 

The  following  estimate  of  the  thicknesses  of  the  several  sub- 
divisions of  the  Upper  Silurian  rocks  of  Shropshire  is  based  on  tbe 
average  of  three  sections  from  S.S.E.  to  N.N.W.  across  the  north- 
eastern end  of  the  great  Shropshire  escarpment.  One  of  these  passes 
through  the  town  of  Much  Wenlock,  and  the  others  at  distances  of 
about  two  miles  to  the  east  and  west. 

The  horizontal  distances  of  the  lines  of  contour  from  the  base  of 
the  Upper  Llandovery  to  the  base  of  the  Devonian  average  from  3^ 
to  4  miles  or  about  20,000  feet ;  and  taking  the  general  dip  at  12*^,  the 
total  thickness  of  the  Upper  Silurian  series  can  scarcely  be  less  than 
4500  feet 

An  estimate  of  the  actual  thickness  of  each  of  its  subdivisions  is 
difficult  to  arrive  at  accurately,  mainly  from  the  fact  that  most  of  the 
zones,  both  in  mineral  character  and  in  the  range  of  species, 
insensibly  graduate  into  each  other,  and  it  is  probable  that  no  two 
observers  would  fix  exactly  on  the  same  lines  of  demarcation. 

ITiere  are  perhaps  few  parts  of  the  country  in  which  the  surface 
features  of  contours  are  ruled  so  closely  by  their  geological  strvictvi^^ 
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enabling  the  eye  ftt  a  glance  to  follow  all  the  main  subdivisions. 
Standing  on  BenflijikU  Edge  or  Wenlook  Edge,  the  most  prominent 
points  in  the*  escarpment,  three  parallel  valleys  and  two  well- 
marked  intei^'^diate  ridges  can  be  made  out  at  almost  every  part  of 
the  long  HjOe  6f  exposure  extending  from  Ironbridge  on  the  north- 
east to  Li^dlow  on  the  south-west,  the  three  valleys  corresponding 
with  the'soft  shales  and  the  two  ridges  with  the  limestones. 

T'he  broad  sweeping  valley  of  Ape  Dale  below  the  observer  to 
tha  n9rth-west   represents   the   Wenlock  Shale,   backed  up  on  its 
iSar4;|r- western  side  by  the  harder  beds  of  Llandovery  Limestone  and 
;'  pQliglomerate  forming  the  base  of  the  Upper  Silurian  series. 

".  The  Llandovery  beds  on  the  lines  of  section  may  be  roughly 
''idsti  mated  at  a  thickness  of  160  to  170  feet,  of  which  the  con- 
'  glomerate,  closely  resembling  the  Millstone  Grit,  forms  the  greater 
bulk.  The  overlying  Wenlock  series  attain  a  thickness  of  from 
2500  to  2800  feet :  their  principal  mass  consists  of  soft  shales 
capped  by  the  Wenlock  Limestone,  which  has  determined  the 
beautiful  escarpment  of  Wenlock  Edge,  overhanging  the  gentle 
sweep  of  Ape  Dale,  and  on  the  south  side  forms  a  regular  dip 
slope  into  the  Lower  Ludlow  v^leys  of  Much  Wenlock  and  Hope 
Dale. 

No  clear  line  of  boundary  exists  between  the  limestone  and  shale, 
for  the  one  imperceptibly  graduates  and  dies  out  into  the  other. 

From  careful  measurements  made  on  Benthall  Edge  we  have 
ascertained  that  the  compact  limestone  is  from  80  to  90  feet  in 
thickness,  and  it  thickens  somewhat  in  the  direction  of  Wenlock  to 
the  south-west.  Below  the  compact  limestone  rock  it  becomes  inter- 
stratified  with  thin  layers  of  shale.  Still  lower  down  it  assumes 
a  concretionary  structure,  and  gradually  dies  out  into  soft  shale, 
through  increasingly  distant  nodular  courses,  at  about  400  or  600 
feet  below  the  crest  of  the  limestone  ridges. 

On  Benthall  Edge  the  Wenlock  Limestone  dips  from  15°  to  20* 
S.S.W. ;  to  the  westward  the  dip  decreases  to  from  10°  to  15°,  and  at 
the  eastern  extremity  of  the  escarpment  at  Lincoln  Hill,  near  Coal- 
brook  Dale,  the  inclination  increases  to  from  45°  to  60°.  The  upturn- 
ing may  have  been  continuously  gradual  or  interrupted.  It  commenced 
he/ore  the  Carboniferous  period,  for  the  Coal-measures  rest  upon  it 
unconformably,  and  it  continued  subsequently,  indicated  by  the  fact 
that  the  inclination  of  the  margin  of  the  Carboniferous  beds  is 
related  to  the  greater  or  less  inclination  of  the  subjacent  Wenlock 
Limestone. 

The  following  proposed  subdivision  of  the  great  mass  of  Wenlock 
Shale,  which  at  the  north-eastern  end  of  the  Shropshire  escarpment, 
attains  a  thickness  of  from  2000  to  2200  feet,  has  been  suggested  by 
the  alternation  of  zones  of  highly  fossiliferous  and  comparatively 
barren  strata. 

As  stated  above,  there  is  an  insensible  gradation  between  the 
Wenlock  Limestone  proper  and  the  Wenlock  Shale,  the  shales 
under  the  limestone  containing  scattered  concretionary  courses  of 
nodular  limestone,  and  it  will  be  convenient  to  term  this  intermediate 
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zone  "  The  Tickwood  Beds,"  which  may  be  roughly  estimated  to 
inclade  a  thickness  of  from  300  to  500  feet  of  strata. 

They  are  exposed  in  the  deep  road-catting  near  the  railway  bridge 
between  Tickwood  and  Farley  Dingle.  There  is  also  a  fine  natural 
exposure  2\  miles  to  the  east,  by  the  side  of  a  small  stream  flowing 
down  the  east  end  of  Benthall  Edge,  opposite  Ironbridge ;  and  most 
of  the  adjacent  cutting  on  the  Severn  Valley  Railway  passes  through 
the  base  of  these  nodular  limestones  and  shales.  The  Tickwood 
Beds  are  highly  fossiliferous.  They  contain  all  the  five  species  of 
Spirifer  found  in  the  Upper  Silurians  of  Shropshire,  with  a  larger 
proportion  of  individuals  than  in  any  other  zone.  The  Tickwood 
Beds  are  also  the  highest  horizon  in  which  the  new  genus  Glassia 
occurs,  and  Orthis  biloha  here  attains  its  highest  limit,  with  the 
exception  that  a  few  individuals  occur  rarely  in  the  Wenlock  Lime- 
fitone  and  Lower  Ludlow. 

Below  the  fossiliferous  Tickwood  Beds,  from  1800  to  1900  feet  of 
soft  shales  occur,  which  are  comparatively  barren  in  organic  remains, 
excepting  only  that  at  one-third  from  their  base  a  remarkably  rich 
zone  occurs,  the  horizon  of  which  seems  to  correspond  closel}'  with 
that  of  the  Woolhope  Limestone  of  Herefordshire,  and  possibly  of  the 
Barr  Limestone  of  Stafifordshire,  though  in  Shropshire  the  calcareous 
element  is  wanting,  it  is  exposed  on  the  east  bank  of  the  Eiver 
Severn,  a  short  distance  above  Buildwas  Bridge,  in  a  section  in- 
cluding from  70  to  80  feet  of  shale  beds,  which  we  propose  to 
call  "  The  Buildwas  Beds."  They  are  also  exposed  further  to  the  west 
by  the  side  of  the  brook  south  of  llarley.  Just  above  the  fossiliferous 
zone  of  the  Buildwas  Beds,  the  monotonous  •*  Mudstone  "  character 
of  the  Wenlock  Shale  is  broken  by  the  occurrence  of  a  few  thin 
bands  of  a  remarkable  cream-coloured  clay,  resembling  steatite  in 
texture.  The  late  Mr.  David  Forbes  made  for  one  of  us  an  analysis 
of  these  bands,  which  were  found  to  consist  of 
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and  remarked  on  the  smallness  of  the  per-centage  of  magnesia  in 
the  mineral,  which  so  closely  resembles  compounds  which,  from 
their  unctuous  feel  and  external  characters,  are  usually  considered 
to  be  highly  magnesian. 

The  pale  colour  of  these  bands  is  evidently  due  to  the  occurrence 
of  the  iron  in  a  state  of  protoxide,  which  may  perhaps  have  resulted 
from  the  presence  of  the  deoxidising  agency  of  organic  matter. 

It  we  place  the  Tickwood  Beds  as  forming  a   connecting  link 


104    T.  Davidson  Sf  G.  Mato—U.  Silurian  Bocks  of  Shropshire. 

between  the  Wenlook  Limestone  and  the  Wenlook  Shale,  the  re* 
mainder  of  the  shale  may  be  subdivided  as  follows : — 

Barren  Shales  of  Coalbrook  Dale  and  Ape  Dale,  or  '*  Coalbrook 

BaleBedt''    1100  to  1200  feet 

FoBsiliferous  zone  of  Buildwas,  or  '*  Bmldwas  Beds  "   80  to    100   „ 

BarrenShalosof  Build  was  Park,  or '*^aMm/ntt^e(2i"    500  to    600   „ 

These  soft  shales  have  largely  determined  the  configuration  of 
the  contours  of  the  district,  and  represent  the  sweeping  Ape  Dale 
valley  of  denudation,  which  spreads  out  for  twenty  miles  below 
the  supporting  ridge  of  Wenlook  Limestone  of  Wenlook  Edge,  and 
have  in  Coalbrook  Dale  yielded  to  the  excavation  of  that  picturesque 
valley. 

Some  soft  shales,  about  100  feet  thick,  overlying  the  Wenlook 
Limestone,  and  exposed  in  cuttings  by  the  sicle  of  the  railway 
between  Build  was  and  Wenlook,  west  of  the  Bradley  Lime  Quarries, 
may  also  pertain  to  the  Wenlook  series :  in  physical  character  they 
more  nearly  resemble  the  shales  of  the  Wenlook  than  the  overlying 
Ludlow  Beds. 

The  Wenlook  Shale  in  Shropshire,  which  cannot  be  much  less 
than  1800  to  1900  feet  in  thickness,  has  a  development  much  in 
excess  of  the  Wenlook  shale  in  the  Malvern  district,  where  Professor 
Phillips  estimated  it  to  be  640  feet  thick ;  indeed,  its  thickness  in 
Shropshire  is  greater  than  in  any  other  district,  unless  we  except 
its  supposed  equivalents,  the  Denbighshire  Flags,  which  Mr.  G. 
Maw  believes  will  be  found  to  belong  to  a  distinctly  lower  horizon. 

The  Ludlow  Series. — Any  definite  estimate  of  the  relative  thick- 
nesses of  the  several  members  of  the  Ludlow  Beds  is  difficult  to 
arrive  at,  as  at  the  eastern  extremity  of  the  Shropshire  escarpment 
the  Aymestry  horizon  is  ill-defined,  here  and  there  represented  by 
isolated  'thin  bands  of  limestone,  and  again  as  thick  masses  of 
impure  concretionary  limestone  intermixed  with  shale.  Collectively 
the  Ludlow  series  attains  a  thickness  of  from  1200  to  1400  feet, 
which  the  Aymestry  band  divides  nearly  equally,  the  Lower 
Ludlow  being  a  little  thicker  than  the  Upper,  and  consists  of  softer 
shales.  The  Upper  Ludlow  Beds,  as  at  Burton,  near  Wenlock, 
often  assume  the  character  of  fissile  Tile-stones.  The  Lower 
Ludlow  Beds  are  exposed  in  cuttings  of  the  Wenlock  Railway 
between  Wenlock  and  Presthope,  and  the  very  base  of  these  beds 
are  seen  in  the  Wenlock  Hallway  east  of  Wenlock.  The  equivalent 
of  the  Aymestry  Limestone  is  finally  exposed  in  the  road-cutting 
below  the  Dunge  House,  near  Broseley,  and  to  the  west  of  the 
Marsh  Farm  on  the  high  road  between  Broseley  and  Much  Wenlock. 
Tlie  Upper  Ludlow  is  to  be  seen  by  the  road-side  at  Burton,  near 
Wenlock,  and  is  also  exposed  in  Willey  Park,  and  in  the  bottom  of 
the  valley  below  the  Dean  Fann,  near  Broseley. 

The  beds  connecting  the  Upper  Ludlow  with  the  Old  Red  Sand- 
stone, which  are  well  exposed  on  the  banks  of  a  little  stream  known 
as  Linley  Brook,  two  or  three  miles  south  of  Broseley,  have  been 
described  by  Messrs.  Roberts  and  Randall  in  the  Quarterly  Journal 
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of  the  G^logical  Society  of  London,  voL  xix.  p.  229.     The  upper 

port  of  their  section  given  at  p.  232  appears/ to  refer  to  the  base 

of  an  outlier  of  the  Coal-measures,  and  the  remainder  to  the  base  of 

the  Old  Bed  Sandstone  and  top  of  the  Upper  Ludlow.     The  red 

micaceous  marls  in  the  road-cutting  on  the  Bridgnorth  side  of  the 

valley  clearly  belong  to  the  Old  Bed  Sandstone,  and  these  are,  we 

suppose,    represented    by   the    bed    "c"   in  Messrs.   Boberis   and 

Randall's  section.     Below  this  the  section  is  described  as  follows : — 

ft.  ins. 

i.  Light-coloored  grits,  with  plant-remains 20    0 

e.  Hard   micaceous  grits,   somewhat   flac:gy,   and  charged  with  fish 

remains  ('*  The  Upper  Bone  Bed.   )   7    0 

/.  Flagstones  bearing  current  markings  1     9 

g.  Micaceous  sandy  grits  with  Liuguia    0  11 

A.  Greenish  irregularly  laminated  rock  with  conglomerate 1     0 

t.  Hard  calcareous  gnt  with  thickly  disseminated  greenish  grains  and 

many  broken  Lingulad 1     0 

I.  Laminated  light  grey  micaceous  and  sandy  shales 20    0 

/.  Grey  micaceous  grits 0    6 

«.  Micaceous  sandy  clays  coloured  by  peroxide  of  iron  6    0 

s.  Yellow  sandstones  (Downton  series),  with  Beyrichiay  Lingular  and 
including  two  or  more  ferruginous  bands,  containing  large  quantities 
of  the  dermal  studs  of  Thelodut^  fragments  of  Lingui<By  and  minute 
crystals  of  quartz.     Clusters  of  Modtoiopsis  complanata  occur  at  the 

base  of  this  rock  (The  Lower  or  Ludlow  Boxe  Bed)   8    0 

«.  Hard  calcareous  shales  with  fish-remains,  Linguist,  etc 6    0 

p.  Flaggy  beds  of  impure  limestone,  with  SerpuUtes-  longistimua,  true 

Upper  Ludlow 4     0 

q.  Hard  impure  limestone,  Ajmestrj'  series,  at  base. 

These  are  without  doubt  the  passage-beds  connecting  the  Devonian 
and  Silurian  series  ;  and  the  only  exception  we  take  to  Messrs. 
Roberts  and  RandalPs  determination  is  the  supposed  occurrence  of 
Ayraestry  Limestone  at  the  base  of  their  section,  as,  judging  from 
the  thickness  of  the  Upper  Ludlow  Beds  in  neighbouring  sections, 
it  is  improbable  that  the  Aymestry  Limestone  would  come  within 
the  section  here  exposed. 

Of  Brachiopoda,  we  believe  no  species  have  been  found  in  the 
Linley  Brook  section,  except  Lingnla  cornea^  which  is  abundant. 

General  Beaulta  of  the  Washings. —  The  extensive  washings  and 
hand-picking  from  rocks  and  shales  of  the  Wenlock  and  Ludlow 
series  in  Shropshire  has  enabled  us  to  ascertain  to  what  horizon  each 
species  is  peculiar  or  what  was  its  stratigraphioal  range.  Of  course 
We  limit  our  conjectures  to  those  species  of  which  we  have  positively 
ascertained  the  presence  in  each  horizon.  Some  few  of  them  may 
perhaps  occur  in  horizons  not  indicated  in  our  table,  but  as  they 
have  not  come  to  our  knowledge  are  necessarily  omitted. 

A  glance  at  our  table  will  show  that  species  were  more  numerous 
during  the  Wenlock  than  the  Ludlow  period,  that  is  to  say,  that 
while  66  species  have  been  collected  from  the  Wenlock  series  of 
Shropshire,  only  37  were  found  in  that  of  the  Ludlow  period — 22 
^ing  common  to  both  epochs.  These  numbers  are  the  result  of  our 
personal  investigations,  but  may  be  slightly  modified  hereafter  or 
upon  still  more  extended  research. 
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The  common  or  abundant  species  seem  generally  to  have  enjoyed 
tlie  largest  vertical  stratigraphical  range.  For  example,  Orihis 
lUcha  may  be  regarded  as  one  of  the  most  abundant  species  in  the 
Wenlock  series,  occurring  also  in  diminished  numbers  in  the  Lower 
and  Upper  Ludlow.  The  chief  horizon,  or  where  it  swarms,  is  the 
Lower  Wenlock  Shales  or  "  Buildwas  Beds,"  where  we  have 
estimated  that  upwards  of  4500  specimens  may  be  obtained  from 
the  washing  of  a  square  yard  of  Buildwas  Shale.  And  from  seven 
tous  weight  of  this  shale  not  less  than  25,000  specimens  of  the  shell 
were  obtained,  and  a  vast  number  more  were  lost  through  the  wash- 
ing operations.  Orihis  etegantula  is  very  abundant  both  in  the 
Wenlock  and  Ludlow  series,  and  occurs  in  no  less  than  nine  horizons, 
but  most  abundant  in  the  Wenlock  Limestone  and  Shales  overlying 
and  underlying  it  Orihis  hyhrida  swarms  throughout  the  Wenlock 
fieries.  0.  Lewisii  is  likewise  found  to  possess  an  extended  range  from 
the  Lower  Ludlow  down  to  the  Lower  Wenlock  Shales.  The  other 
species  of  the  genus  are  much  rarer  and  have  a  limited  vertical  range. 
Of  the  interesting  small  Sirepiorhynchus  nasuia  &  eingle  specimen  was 
found  by  the  Rev.  H.  G.  Day  in  the  Wenlock  Limestone  of  Benthall 
Edge,  Among  the  Strophomenidsd,  Si.  rhomhoidalis  alone  enjoys 
the  greatest  vertical  range,  and  is  at  the  same  time  the  most  abundant 
species  of  the  group.  Leptana  iransversalis  and  especially  L, 
ugmentum  are  very  abundant  species,  while  Choneies  lepisma  swarms 
in  the  shales  above  the  Wenlock  Limestone,  but  has  not  hitherto 
been  found  in  Shropshire  at  any  other  horizon  with  the  exception  of 
that  of  the  Lower  Ludlow.  Next  to  Orihis  hiloba,  Atrypa  reticularis 
is  the  most  abundant  species  throughout  the  Wenlock  series,  and  is 
likewise  very  common  in  the  Lower  Ludlow  and  Aymestry  Lime- 
stone. Atrypa  Barrandi  is  a  very  abundant  Wenlock  species. 
Meristella  inmida  possesses  an  extensive  vertical  range.  Five  species 
of  Spiri/era  have  been  collected,  but  of  these  the  small  Sp.  crispa  is 
the  most  abundant;  it  swarms  in  the  Wenlock  Limestone,  and 
especially  in  the  shales  that  underlie  it.  Nucleospira  pisnm  is  a  very 
abundant  species  in  four  horizons  of  the  Wenlock  series.  Retzia 
SaUeri  and  especially  Retzia  Bomhardi  are  very  common  species  in 
the  Wenlock  Limestone  and  its  Shales.  Among  the  Rhynchonellidce, 
fiA.  horealis  is  immensely  abundant  in  the  Wenlock  Limestone  and 
in  its  underlying  shales,  while  Rhynchonella  Wilsoni  is  most  abun- 
dant in  the  Ludlow  rocks. 

It  is  also  worthy  of  remark  that  while  the  species  belonging  to 
the  Clistenterata  are  prevalent  in  the  Wenlock  series,  the  reverse 
takes  place  for  the  Tretenterata.  For  example,  five  species  of 
Lingula  occur  in  the  Ludlow  series,  while  two  only  have  occuiTed 
to  U8  out  of  some  fifty  thousand  specimens  of  Wenlock  Brachiopoda, 
Lingula  Symondi  and  Orbictdoidea  Forbesii  being  the  only  abundant 
species  in  the  Wenlock  series,  and  these  apparently  almost  restricted 
to  the  Lower  Wenlock  Shales.  A  glance,  however,  at  the  table  (see 
over-leaf,  pp.  108  and  109),  will  obviate  the  necessity  of  further 
remarks  on  this  subject.  The  81  species  recorded  in  our  table  belong 
to  some  22  genera. 
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III. — On  a  Cabb  in  which  tarioub  massiyb  Obtstalline  Bogkb 
INCLUDING    So^a-Gbanite,    Quabtz-Diobite,    Nobite,    Hobn- 

BLENDITEy    PtBOXRNITE,     AND     DIFFBBENT     ChBTSOLITIO     RoOKS, 
WERE   MADE    THBOUGH    MeTAHOBPHIO   AgENOIES    IN    ONE    MeTA- 

morphio  Pbogess. 

By  Prof.  James  D.  Dana,  LL.D.,  A.M.,  For.  Memb.  Greol.  Soc.  Lond., 

of  Yale  Coll<^,  New  Haven,  Ct,  U.S.A. 

Part  II. 

(Continiied  from  page  65.) 

3,  The  Relation  of  the  Cortland  Rocks  to  the  other  Rocks  of  West- 

CHESTER  County. 

THE  above  brief  description  of  the  Cortland  rocks  prepares  the 
way  for  a  consideration  of  their  relation  to  the  other  rocks  of  the 
county.  The  following  questions  arise:  Are  they  one  with  the  latter 
in  system  ?  are  they  rocks  of  an  earlier  system?  or  are  they  eruptive 
rocks,  and  not  metamorphic,  and  hence,  of  no  bearing  on  the  general 
question  as  to  the  age  of  the  Westchester  limestones  and  the  asso- 
ciated schists  ? 

1.  Evidences  of  more  or  less  Complete  Fusion. 

The  evidences  of  fusion  or  plasticity  are  many ;  and,  taking  them 
collectively,  they  are  decisive.  They  are  exhibited  in  the  following 
ways:  (1)  The  massive  character  of  the  crystalline  rocks  over  so 
large  an  area,  and  a  general  resemblance  in  them  to  igneous  rocks  ; 
(2)  the  great  size  of  the  hornblende  crystals  in  some  of  the  quartz- 
diorite,  and  the  well-defined  crystals  of  bypersthene  in  part  of  the 
norite,  resembling  the  augite  crystals  of  some  volcanic  rocks,  facts 
indicating  freedom  of  molecular  movement  during  the  process  of 
crystallization ;  (3)  the  broken  condition  of  the  crystalline  indi- 
viduals in  some  places,  which  is  evidence  of  movement  while  in  a 
pasty  state  after  the  beginning  of  solidification ;  (4)  the  occurrence 
in  the  massive  rocks  of  included  fragments  of  other  rocks,  like  the 
inclusions  in  many  trap  or  basaltic  ejections :  (5)  the  existence  of 
dykes  or  veins  of  the  hornblendic  and  other  rocks,  of  very  various 
sizes,  intersecting  the  adjoining  rocks. 

The  inclusions  are  remarkably  numerous  in  some  portions  of  the 
region,  and  are  often  of  wonderful  magnitude.  About  Cruger's 
station,  in  the  soda-granite  and  quartz-diorite,  they  occur  from  an 
inch  in  breadth  to  many  feet ;  one  seen  in  the  face  of  a  bluff  on  the 
railroad,  between  three  and  four  hundred  yards  north-east  of  Cniger's 
station,  has  a  maximum  breadth  of  eighteen  feet  and  a  length  but 
little  less,  and  consists  of  garnetiferous  mica-schist  like  that  within 
a  fourth  of  a  mile  to  the  east  and  south  ;  and  this  is  not  the  largest 
in  that  region.  They  abound  also  in  the  chrysolite  rocks  and  norite 
of  Montrose  Point  and  Stony  Point,  and  in  the  limestone  of  Ver- 
planck  Point.  They  usually  consist  of  the  various  materials  which 
constitute  the  schist  of  the  vicinity,  even  to  the  magnetitic  garnet 
rock,  quartzite,  etc. 
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D  example  from  the 


F^gore  3  represents  (Vs  of  the  natural  size)  a 
s,  Boda-^anite,  half  a  mile 

vest  of  Cruger'a,  where 
displaced  frogments  of  a 
thin  layer  of  mtca-Bchist 
occar  in  the  granite.  Fig. 

4  (iV  tlio  natural  size)  is 
of  an  inclusion  in  the 
norite  of  Moatrose  Point; 
the  distorted  form,  the 
fractures,  and  the  faults 
appear  to  be  evidence  of 
former  free  movement  in 
the  massive  norite.    Fig. 

5  represents    a    surface 

three  feet  square  from  a  large  brecciated  pyroxenite 
adjoining  directly  the  crystAlline  limestone  on  the 
shores  of  the  Hudson  at  Verplanck  Point  The 
masses  in  this  strange  breccia  are  contorted  frag- 

ments  of  the  limestone,  one  or  two  feet  long,  the  thin  layera  of 
which  have  been  brought  out  prominently  by  surface  eroaioD. 

The  examples  of  what  appear  to  be  veins  or  dykes  are  also  numer- 
ous. They  cut  through  the  chrysolite  rock  and  norite  of  Stony 
Point  and  Montrose  Point,  and  through  the  crystalline  limestone  of 
Verplanck  Point.  Those  at  the  last-mentioned  place,  facing  the 
river  (north  of  the  foot  of  liroadway),  vary  from  an  inch  in  width 
to  over  fifty  feet.      Some  are  simply  faulted  bands,  like   Fig.  6. 


Others  have  more  irregular  courses,  as  in  Fig-  7,  rcpresenling 
eight  feet  from  a  vein  at  Verplanck  PoinL  Fig.  8  shows  a  crossing 
of  two  small  veins  from  the  same  limestone  region.  Some,  if  not  all, 
of  snch  veins  must,  therefore,  be  true  veins  or  dykes;  and  are  evidence 
as  to  the  former  fused  or  plastic  condition  of  the  material  and  its 
injection  into  fissures.     Veins  formed  in  this  way  are  not  veins  of 


\ 
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infiltration  or  segregation,  that  is,  they  are  not  dae  to  the  filling  of 
fissures  by  material  supplied  slowly  in  solution  or  vapour ;  for  no 
difference  in  coarseness  of  texture  or  structure  exists  between  the 
rock  constituting  them  and  that  of  the  massive  rock  elsewhere; 
they  are  just  such  as  have  been  made  by  simple  injection. 

There  are  also  peculiarities  in  the  exterior  of  inclusions,  and  in 
the  walls  of  veins  or  dykes,  in  some  cases,  which  favour  the  idea  of 
fusion.  At  Verplanck,  the  limestone  of  the  wall  is  often  discoloured 
for  two  or  three  inches,  and  sometimes  penetrated  by  the  material  of 
the  vein,  or  contains  minute  crystals  of  hornblende ;  and  in  other 
cases,  the  limestone  is  impregnated  with  the  hornblendic  or  augitic 
material  in  irregular  lines  or  bands,  so  that  surface  erosion  has  left  a 
complexity  of  small  curving  ridges.  The  crystallization  of  the  lime- 
stone adjoining  the  vein  is  sometimes  coarser  than  elsewhere ;  though, 
in  general,  no  difiference  is  apparent.  On  a  small  point,  just  north 
of  the  region  of  veins,  part  of  the  limestone  is  of  the  coarsest  kind, 
the  crystalline  grains  over  a  fourth  of  an  inch  broad,  while  the  larger 
part  is  very  fine  in  grain,  like  the  most  of  the  Verplanck  limestone 
•«-a  fact  that  indicates  the  local  action  of  escaping  heat 

Still  more  positive  evidence,  if  possible,  of  fusion  is  shown  at  the 
junction  of  the  schists  of  Cruger's  Point  with  the  soda-granite,  where 
the  schist  itself  bears  evidence  of  partial  fusion  and  exhibits  other 
contuct-phenomena. 

The  proof  of  the  crystallization  of  the  rocks  from  a  more  or  less 
perfect  state  of  fusion  or  plasticity  is  thus  complete. 

2.  Evidences  as  to  Condition  of  Fusion, 

» 

But,  admitting  fusion  or  a  plastic  condition,  the  question  still 
remains : 

Were  these  once-fused  rocks  fused  approximately  in  situ,  that  is, 
where,  or  near  where,  they  now  lie ;  or  were  they  erupted  through 
fissures  from  great  depths  below  ?  that  is,  using  Dr.  Hunt's  terms, 
are  they  indigenous,  or  are  they  exotic  ? 

a.  The  results  are  partly  the  same  whichever  the  condition  of  fusion. 
— If  they  were  fused  where  approximately  they  now  lie,  that  fusion 
must  have  come  from  accessions  of  heat,  and  such  accessions  may 
have  resulted  from  the  movement  and  friction  connected  with  an  up- 
turning of  the  rocks ;  and  it  may  hence  have  been  one  of  the  results, 
in  that  region,  of  metamorphic  action  at  an  epoch  of  general  meta- 
morj)hi8m  ;  and  if  so,  at  the  very  time  that  these  rocks  became  fused 
or  plastic  through  the  process,  other  rocks  of  the  region,  owing  to 
less  extreme  metamorphic  action,  or  to  less  fusibility,  may  have  been 
left  with  their  bedding  unobliterated ;  just  as  nuich  granite  in  New 
England  and  other  countries  received  its  crystalline  condition  in  the 
same  process  and  at  the  same  time  with  the  associated  schistose 
rocks,  the  gneisses,  mica-schists,  etc. 

All  the  facts  as  to  fusion  which  have  been  presented  are  consis- 
tent with  either  mode  of  origin,  even  to  the  inclusions  and  the  d^kes 
or  veins. 

(1)  The  veins  or  dykes  have  the  same  essential  characters  whether 
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made  one  way  or  the  other.  As  has  often  happened  in  the  case  of 
granitic  rocks,  and  even  granular  limestone,  the  fused  or  plastic 
material,  under  the  pressure  attending  the  subterranean  movements, 
woald  have  entered  and  filled  all  fissures  that  might  have  been 
opened  to  it,  and  so  have  made  veins  or  dykes  having  the  sizes  of  the 
fissures,  whether  large  or  small,  and  possessing  also  a  uniformity 
of  grain  like  that  of  ordinary  erupted  rocks. ^ 

(2)  Again,  whatever  the  process  of  ejection,  fragments,  large  or 
small,  of  any  rocks  adjoining  such  fissures  might  have  become  in- 
cluded in  the  fused  or  plastic  material. 

(3)  Moreover,  the  contact-phenomena  in  the  case  of  veins  so 
formed  may  be  as  decided  and  extensive  as  in  that  of  any  dykes  or 
erupted  masses. 

(4)  Further,  the  evidences  of  fluidal  movement  exhibited  in  the 
broken  condition  of  many  of  the  crystalline  grains  would  be  the 
same.  Such  a  fragmenting  of  grains  taking  place  after  the  stiffening 
of  incipient  solidification  requires  but  a  moderate  amount  of  move- 
ment, and  this  is  all  that  such  circumstances  would  admit  of.  One 
foot  would  suffice ;  thousands  would  be  impossible. 

(5)  Again,  the  resulting  rocks  need  not,  and  generally  do  not, 
differ  in  kinds  from  erupted  rocks  of  deeper  source.    In  such  fusions 
iu  the  course  of  a  process  of  metamorphism,  the  thickness  of  the 
rocks  undergoing  common  movement  may  have  a  depth  of  20,000 
feet  or  more,  and  the  fusion,  therefore,  would  not  be  superficial. 
The  view  that  many  of  the  ordinary  erupted  rocks  are  nothing  but 
fused  sedimentary  rocks  need  not  be  here  discussed.     The  improba- 
bility of  the  view  comes  from  the  improbability  of  any  movements 
in  the  earth's  crust  being  sufficient  to  fuse  its  own  rocks  or  the  over- 
lying sediments.     But  the  epochs  of  metamorphism  are  the  times 
not  only  of  the  profoundest  movements  of  the  crust,  but  also  of  the 
most  thorough  upturning  of  sedimentary  beds,  and  if  these  are  ever 
melted  through  the  friction  of  upturning,  or  by  its  aid,  then  would 
be  the  occasion  for  it. 

(6)  Veins  made  at  such  an  epoch  by  the  injection  into  fissures  of 
any  rock  so  fused  might  have  any  extent,  even  that  of  the  whole 
depth  of  the  rocks  metamorphosed ;  for  the  fissures  may  be  thus 
deep.  And  the  material  filling  them,  since  it  might  be  that  of  the 
bottom  rocks,  might  be  wholly  unlike  that  of  the  rock  on  either  side 
of  all  the  higher  parts  of  the  fissure. 

But  while  there  may  be  these  resemblances  between  the  effects  of 
metamorphism  and  those  of  deep-seated  eruption, 

b.  The  results  of  fusion  of  sedimentary  beds  under  metamorphic 
action  may  have  distinguishing  peculiarities, — First:  The  kinds  of 
rocks  so  resulting  are  likely  to  vary  greatly  at  comparatively  short 
intervals,  because  sedimentary  beds  often  vary  thus.  They  should 
not  have  that  uniformity  for  scores  or  hundreds  of  square  miles 

*  In  the  writer's  Manual  of  Geology  (1880),  veins  of  this  kind  are  called  veins  of 
plastic  injection,  an  abbreviation  of  the  full  statement  that  they  were  niude  by  the 
injection  of  material  rendered  plastic  or  fused  during  a  process  of  metumorpl^ism. 
They  are  better  called  dyke-like  veins, 
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which  often  characterizes  ejections  that  have  come  up  fr9m  regions 
beneath  the  supercrust.*  Sediments,  and  therefore  sedimentary 
deposits,  are  liable  to  frequent  and  sudden  changes  as  to  material, 
which  igneous  outflows  cannot  imitate.  Secondly,  the  rocks  are  likely 
to  have  no  columnar  (basaltic)  structure ;  because  the  fractures  to  be 
filled  in  such  cases  are  fractures  in  rocks  which  are  participating  in 
the  movement,  and  which,  therefore,  are  heated  rocks,  and  not  cold. 

Again,  the  phenomena  of  contact  and  the  facts  as  to  inclusions, 
structure  and  superpositions,  may  have  distinctive  peculiarities. 

c.  The  condition  of  fusion  or  plasticity  in  the  Cortland  region, — 
To  answer  the  question  before  us  we  have,  therefore,  to  consider 
more  closely  than  has  been  done  the  phenomena  of  contact  of  the 
schistose  with  the  massive  rocks  over  the  Cortland  region,  the 
peculiarities  of  some  of  the  inclusions,  the  characteristics  of  some  of 
the  so-called  veins  or  dykes,  and  the  characters  of  the  rocks  as  to 
their  transitions,  structure,  and  relative  positions. 

3.  Special  Facts  from  the  Cortland  Begion. 

a.  Contact-phenomena  between  the  schistose  and  massive  rocJcs; 
facts  connected  with  the  inclusions ;  stratigraphical  relations  to  the 
limestones, — The  facts  with  reference  to  inclusions  and  all  contact- 
phenomena  bear  directlj',  as  will  appear,  upon  the  question  as  to 
any  stratigraphical  relation  in  the  Cortland  rocks  to  the  limestones  ; 
and  they  are,  therefore,  here  taken  from  the  vicinity  of  particular 
limestone  areas. 

(1)  The  vicinity  of  Cruger*s  limestone  area, — The  small  lime- 
stone area  near  Cruger's  (see  map)  lies  mostly  to  the  south  and 
east  of  the  station ;  only  a  small  portion  about  forty  feet  in 
greatest  width  borders  the  river  west  of  it,  beyond  the  first  brick- 
yard [1),  the  rest  of  the  westward  extension  of  the  limestone 
being  beneath  the  river.  The  schistose  rocks  directly  and  con- 
formably adjoin  it  on  the  north,  the  average  strike  of  both  being 
N.  70°  E.  and  the  dip  75°  to  the  northward.  In  the  south-eastern 
portion  of  the  area  there  is  a  twist  in  the  whole  to  the  north-west. 
The  limestone  is  finely  crystalline  granular,  mostly  white  in  colour, 
and  over  the  hills  to  the  eastward  contains  crystals  of  white  pyroxene. 

The   schist   north  of  the   limestone   has   a  thickness  of  about  a 

thousand  feet.     Toward  the  limestone,  it  is  a  silvery  mica-schist 

containing  a  little   black   mica  and   an   abundance  of  very  small 

garnets.      A  hundred   yards  or  so   to   the  north  it  is  staurolitic, 

the  staurolite  occurring  in  grains  of  a  clear  chestnut-brown  colour 

and  rarely  in  distinct  crystals  j  and  it  also  in  some  parts  becomes 

quartzose   and     consequently    thick-bedded.      There   are,   besides, 

seams  containing  much  magnetite ;  and  at  one  place  an  intercalation 

of  a  black  micaceous  rock  containing  some  felspar  which  is  about 

equally  orthoclase  and  a  soda-lime  species.     After  another  hundred 

to  a  hundred  and  fifty  yards  northward,  in  the  course  of  which  it 

becomes  increasingly    staurolitic  and  gametiferous,   and  passes   in 

*  The  term  tupeferust  is  used  for  that  part  of  the  earth's  crust  which  has  been 
made  by  sedimentation,  the  true  crust  being  R^tricted  to  the  part  beneath  which  is  a 
result  simply  of  cooling. 
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placet  into  a  true  gneiss,  it  comes  to  its  unil  against  soda-granite  an<l 
qurtz-diorite.  Thus  wittiin  a  breadlh  of  ouly  2-jO  (o  350  yanis, 
^lere  is  here  a  passage  from  a  stratuni  of  crystalline  limestono 
throngfa  conformable  schists,  to  the  massiTe  rocks  along  whioh  wo 
have  to  look  for  contact- phe  no  mena- 

Tbe  facts  here  descrioed  are  mostly  from  three  south -to-north 
(Mtions :  Stclion  1,  300  to  400  yards  west  of  the  Station  (I  to  n,  on 
the  map)  ;  feelion  2,  about  TOO  yards  {p) ;  stction  3,  about  900  yards 
(q\0$). 

Id  section  1,  /  to  m  is  the  schist ;  at  m  is  soda-granite,  which 
beoomes  bom  blend  ic  twenty-five  feet  above,  toward  the  road;  and 
Ava  at  n,  on  the  north  side  of  the  road,  the  rock  is  of  coarse  quarts- 
diurite.  (The  locality  n  is  that  of  the  first  outcrop  of  rocks  on 
(ba  road  going  north-west  from  tlie  railroad  station.)  The  contact- 
pbenomena  in  this  section  are  as  follows. 

In  the  first  place,  the  mica-schiqt  is  even  in  bedding  against 
the  limestone  ;  beoomes  more  and  more  contorted  to  the  northward. 
01  sway  from  it;  and  is  full  of  flexures  of  a  yard  or  so  in  span  for 
Uie  last  fifty  feet  or  more  south  of  the  junction  with  the  granite. 

With  the  increase  in  the  flexures  of  the  layers,  the  schist  becomes 
interlataiaated  with  nodose-lmes  of  quartz  vem  like  in  ongin 
uid,  besides,  the  garnets  become  somewhat  larger  At  the  junction 
nferred  to,  the  sobist  is  mostly  a  garnet  rook  containing  much 
fibiolite  and  staurolite  and  the  latter  is  in  some  places  granului 
missive  in  a  small  way  Just  below  the  granite  the  layers  are  a 
ounpnct  body  of  flekuies  and  in  the  soda  grantie  there  is  anothei 
fl«ied  layer  rather  faintly  indicated 

figure  9  represents  the  condition  here  described  it  was  taken 
from  the  west  side  of  a  little  1  luff  at  m  tin,  height  is  twenty  fitt 
The  Jotted  portion  is  that  of  iho  soda  granite  I'he  garnet  rock  of 
tbe  flexures  under  tlie  granite  contains  like  the  granite  soda  Inn < 
(or  tridinic)  felspars  with  little  orthoclase  and  the  first  foot  of 
Fio.  9.  Fio  10 


the  gmnite  is  strongly  gai  iiUiferrnis  — 
of  Irannition  in  the  material  of  the  t 
within  the  soda-granite  is   gncissoid  i 


acts  winch  sUjw  a  legrei 
o  locks  The  flexed  lei 
character   and   of  duiker 


116  Prof.  J.  D.  Dana — MetamorphUm  of 

grey  colour  than  the  granite;  it  is  quartzose  and  gametiferous, 
strongly  micaceous  with  black  mica,  and  contains  magnetite  and 
a  little  staurolite.  llie  schist  is  consequently  not  a  schistose  ix)r- 
tion  of  the  granite,  but  a  distinct  bed ;  it  is  like  the  schist  in  its 
minerals,  but  in  its  more  gneissic  character  indicates  that  it  is 
intermediate  between  the  schist  and  the  soda-granite.  The  eastern 
face  of  the  same  ledge  is  about  a  dozen  feet  to  the  east  of  the  western, 
and  here  the  junction  of  the  schist  with  the  granite  looks  more 
abrupt,  but  partly  in  consequence  of  erosion ;  above  this  plane 
of  junction,  in  the  mass  of  the  granite,  distinct  though  fainter 
indications  of  flexed  beds  exist.  The  change  above  m  from  soda- 
granite  to  quartz-diorite  is  simply  a  change  in  the  substitution  of 
hornblende  for  the  larger  part  of  the  black  mica,  the  felspars 
being  equally  triclinic  in  the  two,  and  the  quartz  equally  deficient 
in  amount  At  a  small  bluff,  160  yards  to  the  west  of  m  (at  o,  see 
map),  the  change  is  more  abrupt  than  between  m  and  n ;  in  only 
six  feet,  the  rock  passes  from  soda-granite  to  diorite. 

A  natural  inference  from  the  series  of  facts  presented  in  this 
section,  those  as  to  the  flexures  in  the  schist  as  well  as  the  changes 
at  the  junction  of  the  schist  and  granite,  would  be  that  the  heat  of 
metaroorphism  increased  from  the  limestone  northward  toward  the 
granite  and  diorite  region,  the  heat  being  a  consequence  in  part,  if 
not  chiefly,  of  the  movement  and  friction  attending  the  flexing,  and 
that  consequently  there  was  produced  a  more  and  more  yielding 
condition  in  the  material  of  the  schist  as  the  region  of  complete 
fusion  was  approached,  and,  at  the  junction,  perhaps  a  fusing  and 
obliteration  of  portions  of  some  layers  of  the  schist ;  and  that  a 
bed  of  schist  existed  in  the  granite  which  approached  somewhat  the 
granite  in  character,  but  which,  owing  to  the  nature  of  its  material, 
was  not  wholly  obliterated. 

But,  are  not  these  flexed  portions  of  beds  fragments  that  were 
broken  off  and  cni-ried  up  by  the  fused  or  plastic  material  as  it  rose 
from  depths  below  ?  They  lie  so  conformably  to  the  flexures  of  the 
schist  as  to  suggest  a  negative  repl}'  to  this  query. 

Sections  2  and  3  (at  p^  and  ^  r  a,  on  the  map)  show  inclusions  on 
a  grander  scale. 

Section  2  extends  up  the  face  of  the  first  high  bluff  of  bare 
rock  west  of  m  (a  bluff  that  has  by  its  east  foot  a  path  leading  up 
among  the  trees  to  a  fine  spring). 

Figure  10  represents  a  portion  of  the  surface  of  the  bluff  about 
forty  feet  wide.  Below  is  the  hard  contorted  schist,  a  well-bedded 
micaceous  schist,  becoming  in  its  upper  part  true  gneiss ;  and  above 
this,  as  the  dotted  surface  shows,  there  is  soda-granite,  and  then, 
after  a  few  yards  of  this  rock,  the  diorite  or  hornblende  rock,  which 
is  indicated  in  the  diagram  by  short  lines  instead  of  dots.  About  a 
yard  above  the  schist,  tcithin  the  mass  of  the  granite,  a  schistose  laj'er, 
about  a  foot  thick,  occurs ;  and  eight  to  nine  feet  above  this  another 
in  the  diorite,  and  both  are  conformable  to  the  schist. 

The  upper  bed  of  schist  shows  (in  thin  slices)  that  it  is  a 
quartzose,    daik-grey    gneiss,   containing   much    black    mica   and 
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garnet,  but  also  mnch  triclinio  felspar  and  apatite,  and  in  titpse 
two  points  approaching  the  soda-granite, — thus  evincing  a.  very 
marked  traneition  in  its  oompoaition  toward  that  of  the  soda- 
granita.  The  first  bed  above  it,  lying  in  the  granite,  ia  similar 
to  the  Bvhist  in  its  black  mioa  and  quartz,  hut  contains  very 
little  garnet;  but  like  the  soda-granite,  it  contains  much  apatito 
and  more  triclinia  felspar  than  oTthocIase.  Still  other  parallel 
beds  are  indicated  at  higher  levels;  one  of  them  exists  at  the 
top  of  the  bluff,  twenty-five  to  thirty  yards  above  the  upper  bed 
in  tbe  figure. 

The  facts  look  toward  the  same  conclusions  as  those  from 
section  1. 

Section  3  was  taken  along  a  line  about  half  a  mile  west  of 
Cniger's  Station,  commenoing  on  the  river  at  q  (see  map,  p.  60), 
in  froDt  of  the  most  western  of  the  brickyard  sheds,  and  passing 
r.  a  point  north  of  the  upper  shed,  to  ».  For  a  distance  of  about 
500  feet  irom  the  shore,  the  rook  is  mica-sohist;  next  follows 
sods-granite  for  about  fifty  feet;  then,  very  coarse  diorite  (the 
hornblende  crystals  in  some  parts  finger-like  in  size)  for  90  to 
100  feet ;  then  soda-granite  again.  At  the  shore  the  schist  ia  nearly 
evenly  fissile ;  450  feet  north,  on  the  line  of  the  section,  it  is  like 
tbe  six  feet  square  represented  in  Fig.  11.     In  the  next  fifty  feet. 


the  flexures  are  distinct,  but  half  faded  out  or  nearly  obliterated  ; 
and  this  is  the  last  step  before  tlie  soda-granite,  tbe  once  plastic 
OT  fused  rock,  begins. 

After  twenty-five  feet  of  sodo-granile  the  first  (a)  of  tbe  ranges  of 
"  inclusions  "  appears ;  it  is  on  the  side  of  the  road  whicb  hetB  \e&4a 
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lip  the  slope.  Between  three  and  fonr  jsrda  of  the  band  are  repre* 
eented  in  Figare  12.  As  shown,  it  is  in  pieces;  jet  the  pieces  are 
not  much  displaced,  which  the;  would  be  in  an  erupted  rock.  The 
material  is  greyitdi-black,  and  oonsists  of  a  very  chloritio  magnetite, 
with  a  little  black  mica,  in  a  feeble  amonnt  of  base  of  tridiuio  fel< 
spar.  After  an  interruption  it  appeara  again  for  a  short  distance  to 
J,       „  the  westward,  where  it  is  much 

more  micaceous  and  gametifer- 

■  -■;.-'  ■■'■U.-. °'^^  '  ^^^  ^^^  exposure  ia  not  as 

;•!.^V^V■■•■A■,0■:■^iv'■^^^^^^        satisfactory  as  in  the  case  of  the 

:-=>^'ii'^'5;i^'V'-;  i  other  bands.     Three  feet  behind 

■     '^^  ^    I  this  band,  that  is,  to  tbe  north, 

'■\\  there  is  a  similar  one  having 

' — • "  i^     '  a  parallel  position. 

Eight  or  nine  yards  north 
i  the  coarse  diorite.  At  the  top  of  the  slope,  near  the 
passage  of  the  coarse  diorite  to  the  eoda-granife,  partly  in  the  diorita 
but  mostly  in  the  granite,  there  are  three  handa  (b)  within  three  to 
five  feet  of  one  another,  gneissio  in  constitution.  Figure  13  repre- 
sents about  a  dozen  yards  of  these  bands,  in  the  diorite  and  granite. 


Tlie  upper  or  northern  of  the  three  bands  (b')  is  eipoied  with  small 
interrupt  ions  for  a  lengtho/tnore  than  one  hundred  and  jifly  feel ;  and 
the  more  eastern  portion  is  showti  in  Figure  14.  The  strike  is  the 
same  as  that  of  the  schist 

The  rock  of  the  middle  of  these  bands  (Ii*)  is  a  quartzoee  gneira, 
with  black  mica,  many  visible  grains  and  octahedrons  of  magnetite, 
anil  some  garnet — resembling  the  gneiss  of  some  of  the  nearest  achiat 
and  unlike  the  inclosing  soda-granite  in  its  excess  of  quartz,  mag- 
netite, and  its  garnets;  and  that  of  the  others  is  similar.  About 
tlireo  jards  north,  but  a  little  to  the  west,  ia  another  band  (6'),  one 
to  two  inches  thick,  which  has  a  grey  colour,  and  consists  of  small 
mvingles  of  silvery  mica,  some  Bcalfs  of  black  init'a  and  chlorite,  and 
giiiiiis  of  mngnctite — a  tbiu  Injer  of  the  micu-scliist  more  magtietitic 
than  usual. 

About  eight  ynnls  nortli  of  the  Ihinl  of  the  bands  reprewnled  in 
Fifture  12,  there  is  anolber  schistose  band  (c),  which  is  short  in  the 
lino  of  the  section,  but  a]i|)cnr8  again  to  the  ent^twnid  and  also  to  the 
westward  ;  Iho  rock  is  qiiartzose,  gnrnctiferouR,  and  includes  cliloritic 
jjj.i^'uelile  with  fibrolite,  and  other  materials  of  the  schist. 
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Eight  to  nine  yards  farther  north,  in  the  soda-granite,  another 
band  (d)  exists,  with  the  same  strike — that  of  the  schist — which 
ontcrops  for  two  hundred  feet^  or  as  far  as  the  rocks  in  the  direction 
are  uncovered.  This  band  is  grey,  like  the  last,  and  sparkles  with 
the  same  pearly  mica,  but  it  is  made  up  largely  of  brown  staurolite 
in  a  half.granular  form,  showing  but  rarely  crystalline  faces,  aud 
contains  also  disseminated  magnetite  and  some  fibrolite  and  chlorite; 
a  gametiferons  portion  contains  much  black  mica.  Eight  feet  farther 
north,  but  to  the  eastward  a  few  yards,  a  very  siliceous  schist  appears 
for  a  short  distance.  Fifty  feet  north,  in  the  soda-granite,  is  still 
another  band  (e),  which  contains  much  chloritic  magnetite;  and  a 
hundred  feet  beyond,  another  thin,  grey,  micaceous  band  resembling 
closely  h^ ;  the  condition  of  a  portion  of  it  is  shown  in  Figure  3,  on 
page  111.  Farther  north,  at  intervals,  other  schistose  bands  exist, 
aud  along  the  north  side  of  Cruger's  Point,  facing  the  brick-yards  at 
the  foot  of  Park-street,  they  are  more  largely  displayed. 

(To  be  concluded  in  our  next  Number.) 

IV. — Contributions  to    the   Paleontology   of  the  Yobeshirk 

Oolites.' 

Pabt  VII. 

By  "WiLPRiD  H.  HuDLESTox,  M.A.,  F.G.S., 
President  of  the  Geologists'  Association. 

(PLATE    IV.) 
Genus  Trochotoma,  Deslongchamps,*  1842  =  Ditremaria, 

D*Orbigny,  in  part. 

In  England  the  Great  Oolite  of  Minchinhampton  contains  the 
greater  number  of  species  belonging  to  this  peculiar  group  of 
HaliotidcB.  Morris  and  Lycett  (Great  Oolite  Molhisca,  p.  80)  give 
a  full  and  interesting  diagnosis  of  the  genus,  which  has  only  one 
representative  in  the  Corallian  beds  of  Yorkshire.  D'Orbigny  figures 
half  a  dozen  species  of  Trochotoma  from  the  Corallian  of  France, 
and  Buvignier  gives  three  from  the  Coral  Eag  of  the  Meuse.  None 
are  quoted  by  De  Loriol  from  the  Sequanien  of  Boulogne. 

49. — Trochotoma  tornatilis,  Phillips,  1829.     Plate  IV. 

Figs,  la,  b, 

Trochus  torfiatilis,  Phillips,  1829,  Geology  of  Yorkshire,  vol.  i.  pi.  iv.  fig.  16. 

Troehu9  dUcoidms^  Ronraer,  1836,  Ool.  (ieb.,  p.  160,  pi.  xi.  fig.  12. 

Trochototna  diseoidea^  Roemer,  1850,  Morris  and  Lycett,  Gt.  Ool.  Moll.  p.  84.  pi.  x. 

fig.  10. 
Trochotoma  discoideiy  Buv.,  1852,  Stat.  geol.  de  la  Meuse,  p.  39,  pi.  25,  figs.  10-11. 
Ditremaria  amata,  D'Orb.,  1852,  Terr.  Jurass.  vol.  ii.  p.  389,  pi.  343,  figs.  3-8. 

*  Concluded  from  the  February  Number,  p.  59. 

'  I  am  indebted  to  Professor  Nl  orris-for  the  following  note  with  reference  to  tlie 
authorship  of  this  genus: — ''Described  by  Deslougchamps  in  1841,  and  first 
published  in  the  Mem.  Soc.  Linn.  Norm.  vol.  vii.  1842.  Lycett  sent  the  proposed 
name  with  a  specimen  to  Sedgwick  in  1841,  but  without  any  description.  The  first 
description  by  Lycett  appears  to  be  in  the  Annals  and  Magazine  of  Natural  Ilistor)- 
for  1848,  2nd  series,  vol.  ii.  p.  253,  and  more  fully  in  the  Great  Oolite  MoUusca, 
1850.  It  would  seem  therefore  that  Deslougchamps  has  the  priority  of  publication. 
8.  P.  Woodward  in  his  Manual  as.signs  it  to  Lycett,  although  ooth  authors  suggested 
Uie  name  Trochotoma  about  the  same  time,  1841-42.'' 
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Trochotoma  amata  (D'Orb.)i  18—,  Deslongchamps,  Notee  palffiont.,  Xo.  tL  p.  46, 

pi.  3,  figs.  3-6. 
Trochotoma  tomata,  Phillips,  1876,  G.  Y.,  8id  edition,  p.  359. 
non  Pieurotomaria  tomata  (Phillips),  D*Orb.,  op,  cit.  p.  564,  pL  422,  figs.  6-8. 

Bibliography,  etc, — It  is  certainly  stretching  the  rule  of  priority  to 
the  utmost  when  we  adopt  Phillips's  name  for  this  very  widespread 
and  somewhat  persistent  species.  As  there  is  no  other  species  of 
Trochotoma  in  our  Yorkshire  heds  of  this  age,  it  is  pretty  clear  that 
Phillips's  most  inadequate  figure  was  intended  for  the  fossil  now 
under  consideration.  If,  however,  this  figure,  unaccompanied  as  it 
is  by  any  description,  be  rejected  as  insufficient  to  establish  Phillips's 
claim,  we  must  fall  back  upon  Bcemer'sname  of  Trochotoma  discoidecLf 
which  is  in  every  way  preferable. 

D*Orbigny  (Prod,  de  Pal.  Strat  vol.  i.  p.  354)  quotes  Troehus 
discoideua,  Koemer,  as  an  Oxfordian  fossil,  and  subsequently  (op.  ciL 
vol.  ii.  p.  9)  quotes  Dttremaria  amata,  D*Orbigny,  from  the  Corallian. 
In  the  Terrains  Jurassiques  he  makes  no  mention  of  Roemer's  species, 
but  regards  the  Trochotoma  discoidea,  Buvignier,  as  a  synonym  of  his 
own  i).  amata.  Brauns  (Obere  Jura,  p.  231)  regards  Buvignier*s 
species  as  identical  with  Rcemer's.  Buvignier's  figure  and  descrip- 
tion answer  excellently  to  our  Yorkshire  specimens,  which  we  must 
therefore  identify  with  the  original  Troehus  discoideus  of  the  Coral 
Hag  of  Hildesheim. 

Description, — Fig.  15.  Specimen  from  the  Coral  Rag  of  North 
Grimston  (Strickland  Collection). 

Height 12  millimdtres. 

Basal  diameter 26  „ 

Spiral  angle,  ahout 130*. 

Shell  very  depressed,  more  than  twice  as  wide  as  high,  largely 
excavated.  Spire  composed  of  about  four  whorls,  which  are  wide 
apart,  subdepressed  in  the  early  stages,  and  very  much  so  in  the 
body-whorl,  which  is  large  in  proportion  to  the  rest  of  the  spire. 
The  ornaments  consist  of  regular  raised  lines  parallel  to  the  suture 
{i.e.  transverse),  and  these  lines  are  cut  across  from  left  to  right  by 
a  system  of  fine  striations,  producing  a  delicate  pattern.  The  whorls 
are  bicarinated  (a  feature  not  observable  in  the  earlier  stage)  :  the 
posterior  keel,  which  forms  the  salient  angle,  contains  the  fissure. 
This  is  elongate,  and  terminates  thi-ee  millimetres  from  the  present 
margin  of  the  outer  lip,  which  has  been  slightly  reduced  by  fracture. 
The  space  between  the  keels  is  rather  excavated,  and  the  anterior  keel 
is  rounded  off.  The  same  ornamentation  is  continued  in  the  base  of 
the  shell,  but  the  state  of  preservation  does  not  admit  of  an  accurate 
description  of  tlie  aperture. 

Fig.  la. — Smaller  specimen  from  the  Coral  Rag  of  Brompton 
(Strickland  Collection).  This  shell  has  the  general  character  and 
ornamentation  of  the  one  previously  described,  but  is  less  depressed. 
Moreover,  the  body-whorl  developes  wide  undulations  across  its 
surface,  which  yield  an  additional  ornament.  The  imbricated  band 
of  the  sinus  is  very  well  seen  in  this  specimen,  situated,  as  in  the 
other  case,  on  the  posterior  keel.     The  termination,  where  the  loop 
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ibonid  be»  is  unfortunately  not  yisible,  and  the  base  of  the  shell  is 
wholly  obsonred  in  matrix. 

Bdadona  and  Distribution. — Some  might  be  disposed  to  regard  the 
^li&renoes .  between  la  and  lb  as  important  enough  to  constitute 
two  qwoies.  16  is  an  exoeptionally  depressed  form,  selected  for 
fignring  as  the  best-preserved  specimen  which  I  oould  obtain.  It 
is  entirely  devoid  of  the  undulations  so  conspicuous  in  la.  But  we 
find  shells  with  the  outline  and  dimensions  of  la  quite  as  devoid 
of  the  undulations  as  in  16 ;  therefore  this  can  hardly  be  regarded 
as  a  character  of  importance,  though  D'Orbigny  mentions  it  in  his 
diagnoofl  of  Ditremaria  anuttct.  Again  there  is  great  variety  in 
the  fineness  of  the  ornamentation,  but  we  cannot  trace  a  connexion 
between  any  particular  degree  of  fineness  and  the  development  of 
theie  undulations.  If  any  constant  diflference  can  be  pointed  out, 
it  is  that  the  Orimston  and  Langton  Wold  shells  are  larger  and 
peihaps  more  depressed  than  those  from  the  Rag  of  the  Scarborough 
diitriot,  which  more  resemble  the  small  variety  of  this  species 
ncognized  by  Morris  and  Lycett  as  rare  in  the  Great  Oolite  of 
Hinchinhampton. 

BoBmer's  shell,  judging  from  his  description,  is  a  smaller  and  less 

developed  variety,  with  from  two  to  three  whorls.     Brauns  finds  it 

in  ihe  perarmalus  beds  of  Heersum  and  Coralline  Oolite  of  Hanover. 

The  species  is  not  quoted  from  the  Sequanien  of  Boulogne,  nor  do 

I  know  it  from  the  Coral  Rag  of  the  rest  of  England,  though  it 

la  decidedly  common  in  the  Coral  Rag  of  Yorkshire. 

Genus  Pleurotomaeia,  Defrance,  1825. 

This  genus  is  not  particularly  well  represented  in  any  member 

of  the  Yorkshire  Oolites,  nor  does  the  Interior  Oolite  yield  a  better 

list  in  this  respect  than  subsequent  formations.     Here  therefore  wo 

note  a  great  difference  between  the  Inferior  Oolite  of  Yorkshire 

Mid  of  the  Anglo-Norman  basin,  which  latter  may  be  regarded  as 

the  head-quarters  of  Pleurotomaria,  both  in  numbers  and  species. 

On  the  other  hand,  the  Corallian  Rucks  of  Yorkshire  have  furnished 

as  many  species  as  the  beds  of  corresponding  age  throughout  the 

i^8t  of  England,   though   none   of   the  species   described   can   be 

regarded  as  common. 

50. — Plburotomabia,  sp.     Plate  IV.  Figs.  2a,  5,  c. 

P^cription. — Specimen   from    the  Passage-beds    of    the    Lower 
Limestones,  Wydale  (my  Collection). 

Length 21*5  millimetres. 

Width    22 

Spiral  angle 74*. 

Shell  conical,  subturrited,  but  slightly  oblique,  scarcely  umbilicated. 
Spire  composed  of  six  or  seven  whorls,  which  increase  regularly  and 
are  but  slightly  angular.  Each  whorl  has  only  one  well-defined 
keel,  which  forms  the  principal  prominence,  and  carries  the  imbri- 
cated »tt^iw.  In  the  penultimate  whorl  of  this  specimen  an  anterior 
k^l  is  imperfectly  developed.  The  ornaments  display  considerable 
"^^gularitj.     Above  the  sxdcus  of  the  body- whorl  the  6cul)^twt<b  \^ 
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granular,  that  is  to  Bay,  it  consists  of  a  system  of  transverse  ribbing, 
deeply  decussated  by  longitudinal  furrows.  Below  the  last  8vlcu$ 
the  granular  character  is  less  decided,  and  the  base  of  the  shell  has 
numerous  fine  spiral  lines,  which  decussate  with  wavy  lines  of 
growth.  Base  rounded  and  tumid :  aperture  snbquadrate :  um- 
bilicus, little  more  than  a  notch :  columella  short  and  sloping. 

Relations  and  Distribution, — ^This  small  variety  of  Pleurotomaria 
has  features  in  common  with  many  named  forms ;  and  yet,  when 
closely  compared  with  these,  it  is  not  found  to  fit  any  of  them  exactly. 
In  Yorkshire  it  has  only  been  noted  in  one  locality,  whence  but  few 
specimens  have  been  obtained,  lliis  shell-bed  lies  towards  the 
base  of  the  Lower  Limestones,  and  on  the  same  local  horizon  with 
the  G<;rrt7/ta-beds  of  Scarborough  Castle  Hill.^  It  is  Ozfordian,  and 
contains  several  of  the  fossils  of  the  "  Oolithe  femiginense "  of 
Viel  St-Remy,  eta 

A  very  near  relation  is  the  Gombrash  species  described  by  Lyoett 
(Supplement  to  Great  Oolite  Mollusca,  p.  24,  pi.  81,  figs.  8,  8a)  as 
PL  granulata.  Sow.'  When  we  turn  to  foreign  authors,  it  is  clear 
that  the  Wydale  Pleurotomaria  has  affinities  with  the  PL  Munsteri 
group,  and  especially  with  the  variety  PL  Bvchana,  d'Orb.  (Terr. 
Jurass.  vol.  ii.  p.  652,  and  pi.  417,  figs.  6-10).  Nevertheless,  in 
this  case,  although  the  outline  and  proportions  are  very  nearly  the 
same,  D'Orbigny's  fossil  from  the  "Oolithe  ferrugineuse "  is  repre- 
sented as  being  more  finely  marked.  Judging,  however,  from 
D'Orbigny's  figure  8,  the  base  of  the  two  shells  is  identical.  On  the 
whole,  the  Wydale  shell  may  be  deemed  a  dwarf  variety  of  the  PL 
Munsteri  group,  somewhat  differing  from  any  form  as  yet  described. 
There  is  a  form  of  about  the  same  size,  and  with  many  points  in 
common,  which  occurs  in  the  shell-bed  at  Cumnor,  near  the  top  of 
the  Lower  Calcareous  Grit.     Thus  similarity  of  physical  conditions 

*  It  should  be  borne  in  mind  that  the  Coralline  Oolite  of  Scarborough  Castle  is 
lower  geoloj^ically  than  the  Coralline  Oolite  of  Malton. 

*  Sowerby's  speciefl  is  a  fossil  of  the  Inferior  Oolite,  originally  described  (M.  C. 
t.  220,  fig.  2)  from  Dundry.  lie  gives  two  figures,  but  does  not  distinguish  them 
by  letter  or  numeral.  The  specimens  are  not  in  the  type  collection  at  the  New 
Katural  History  Museum.  Nevertheless,  since  a  fos^  similar  to  the  right-hand 
figure  is  so  common  in  the  Inferior  Oolite  of  Bradford  Abbas  and  elsewhere,  we 
cannot  be  in  doubt  as  to  the  form  of  Sowerby's  species.  That  author  says  that  **  the 
granulatc-d  fiurfacc  is  the  result  of  decussating  furrows  which  vary  in  depth  and 
number  in  different  individuals."  I  have  exnminod  a  large  series  of  English  speci- 
mens from  the  Inferior  Oolite,  and  find  that  Sowerby's  P.  granulata^  though  subject 
to  great  variety,  has  a  mucli  wider  spiral  angle,  is  more  umbilicated,  and  has  a 
greater  varitrty  of  omameiitatiou.  !N  (;verth^'less  there  are  forms  in  the  Inferior 
Oolite  of  >i'oniiandy  cla**i»ed  bv  Deslongeharaps as  varieties  of  1\  gratiuhta  (see  Mem. 
Soc.  T jiin.  Nonn.  vol.  viii.  pf.  IC,  fi«;.  6r/),  whieh  lead  up  to  the  Combrash  species, 
and  also  to  the  form  now  under  consideration.  See  also  a  figure  in  Quensttxlt's  lier 
Jura,  pi.  57.  tig.  7,  of  a  fossil  from  the  Ilrauner  Jura  delta,  p.  414.  Still  the 
elements  of  the  rifurotamana  in  the  Yorkshire  Cornbrash,  which  mast  be  regarded 
as  very  closely  related  to  the  shell  now  figured,  are  clearly  not  those  of  PI.  granulata. 
Sow.,  in  any  respect  beyond  the  irninulat*^  character  of  the  gt^neml  sculpture.  We 
have  seen  that  Sowerby  regarded  the  grauulattni  surface  of  his  pj)ecies  as  the  rt^sult  of 
drcussnlinir  furrows  varyituj  in  dvpth  and  numhtr  ;  hence,  when  we  bear  in  mind  like- 
wise the  gn  at  differences  in  extt  nial  appearance  due  to  various  conditions  of  mineral- 
ization, too  much  stress  should  not  be  laid  upon  mere  granulation. 
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is  aocompanied  by  approximately  identical  modifications  of  form 
and  growth. 

51. — Plburotomakia  Munsteri,  Roemer,  1839.    Not  figured. 

Meurotomaria  Muntteri,  Eoemer,  1839,  Suppl.  to  Ool.  Geb.  p.  44,  pi.  ix.  fig.  12. 
Idem,  D'Orbigny,  1862,  Terr.  Juraas.  voL  ii.  p.  649,  pi.  416, 

figs.  4-8. 

There  occurs  in  the  Upper  Limestones  at  Filey  Brigg,  and  else- 
where about  the  same  horizon,  a  Pleurotomaria  which,  though  not 
much  larger  than  the  one  previously  described,  approaches  still  more 
closely  to  Roemer*s  species  in  its  outline,  dimensions,  and  the  step- 
like character  of  the  whorls,  which  has  only  one  keel.  In  more 
typical  specimens  of  PL  Munsferi,  such  as  those  from  the  Elsworth 
Kock,  and  especially  from  the  Trij/onta-beds  of  Osmington  (Corallian 
Series  of  Weymouth),  the  transverse  ribbing  is  more  continuous  and 
less  granulated  than  in  the  Yorkshire  specimens.  This  arises  from 
the  comparative  shallowness  of  the  decussating  furrow,  and  is  pro- 
bably too  much  the  result  of  varying  conditions  of  preservation  to  be 
regarded  as  a  feature  of  primary  importance. 

Though  tolerably  common,  1  have  never  been  able  to  obtain  a 
specimen  in  good  preservation,  but  there  is  a  fossil  in  the  Leckenby 
Collection  marked  "  Pleurotomaria  granuJatay  Sow.,  Lower  Calcareous 
Grit,  Filey  Brigg,"  which  I  have  very  little  doubt  belongs  to  this 
variety,  and  probably  comes  from  the  Upper  Limestones  of  that 
locality. 

52. — Pleurotomaria  reticulata,  Sowerby,  1821.     Plate  IV. 

Fig.  3. 

Trockus  reticuiatusj  Sowerby,  1821,  Miu.  Couch,  table  272,  fig.  2. 

Bihliographyy  etc. —  Sowerby's  original  specimens  were  from  the 
Lower  Kirameridge  of  Ringstead  Bay,  observed  also  at  Portland 
Ferry  in  the  same  formation.  He  gives  as  the  diagnosis  '*  conical, 
transversely  reticulate-striated ;    whorls  bicarinated,  base  convex.**^ 

Description. — Specimen  from  the  Coral  Kag  of  Settrington  (my 

Collection). 

Length 83  millimetres. 

Width 31  „ 

Spiral  angle ?73\ 

Shell  trochiform,  turrited,  but  slightly  oblique,  scarcely  unibili- 
cated.     Spire  composed  of  six  or  seven  whorls,  which  are  strongly 
bicarinated,  the  upper  keel  being  more  acute  than  the  other.     It  is 
situated  at  the  angle  of  the  whorl,  and  carries  the  band  of  the  sinus. 
The  imbrications  are  smoothed  by  attrition.     The  ornaments  con- 
sist of  a  system  of  transverse  lines,  met  at  right  angles  by  a  system 
of  longitudinal  ones,  thus  producing  a  net-like  or  reticulate  structure, 
which  appears,  however,  to  be  subject  to  considerable  irregularity, 
and   sometimes    approaches    the    granular    ornamentation    of    tho 

^  Both  the  figure  and  description  by  Sowerby  indicate  that  tliis  species  should  be 
Dicarinated.  Yet  in  the  tj-pe  collection  at  the  New  Natural  History  Museum  arc 
three  specimens  not  figureS  (the  figured  specimen  should  be  at  Cambridge),  which 
Clearly  come  from  the  7Vi^<wjiV?-beds  of  Weymouth,  and  belong  to  its  very  close 
relative,  p/.  Munsterij  the  more  usual  Oxfordian  form. 
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Wydale  species.  The  specimen  towards  the  last  whorl  is  in- 
differently preserved. 

Relations  and  Distribution,  —  The  differences  between  this  form 
and  the  more  typical  PL  MUnsteri  are,  that  this  one  has  a  narrower 
spiral  angle,  and  has  the  whorl  distinctly  bicarinated,  and  each 
whorl  is  leHS  completely  overlapped  by  the  succeeding  one,  so  that 
the  sutural  excavation  is  more  marked.  On  the  other  hand,  it 
resembles  the  types  of  that  species  in  having  the  ornamentation 
reticulated  rather  than  granulated,  that  is  to  say,  the  transverse  ribbing 
is  not  cut  through  sufficiently  deeply  to  produce  a  very  distinct 
granulation,  though  there  is  an  approach  to  it  in  some  places. 

With  respect  to  distribution  this  must  be  viewed  as  representing 
PL  Munsteri  in  the  higher  beds.  It  is  clearly  a  Kimmeridge  form, 
though  I  cannot  find  it  noticed  on  the  Continent  from  beds  of  that 
age.     Bare  in  the  Coral  Rag  of  the  Howardian  Hills. 

53. — Plkurotomaria  Aoassizii,  Munster,  1844.    Plate  lY. 

Figs.  4a,  h. 

Fkurotomaria  Agauizii,  Miinster,  Goldfnss,  1844,  pt.  3,  p.  71,  pi.  1B6,  fi^.  9. 

Idem  Idem,        D'Orbijniy«  1852,  Terr.  Jurass.  toL  u.  p.  672, 

pi.  426,  figs.  1-6. 

Bibliography,  etc, — Munster 's  species  was  from  the  Coral lenkalke 
of  Natiheiui.  His  description  is  not  very  close,  but  the  figure 
(enlarged)  is  fairly  like  the  specimen  now  under  consideration. 
That  this  is  the  species  intende<i  by  D'Orbigny  there  is  every 
reason  to  believe,  as  his  description  in  most  respecta  tallies  with  the 
North  Grimston  specimen,  though  his  figure,  which  is  almost  too 
good  for  a  fossil,  is  somewhat  different. 

Description, — Specimen  from  the  Coral  Rag  of  North  Grimston 

(Strickland  C()llection). 

Length   72  millimetres. 

Width     60  „ 

Spiral  angle  60'*. 

Shell  conical,  trochiform,  umbilicated.  Spire  composed  of  about 
nine  whorls  (seven  now  remain  without  the  apex).  These,  with  the 
exception  of  the  last  whorl,  increase  under  a  regular  angle,  and  are 
so  close,  towards  the  apex,  that  the  suture  can  with  difficulty  be 
made  out.  They  are  nearly  flat,  and  down  to  the  margin  of  the 
penultimate  form  an  almost  unbroken  cone.  The  penultimate  is 
rather  swollen,  and  the  last  whorl  is  obtusely  angular.  The 
ornaments  vary  in  different  parts  of  the  shell.  In  the  posterior 
whorls  the  cloKoly-set  tninsverse  ribbing  is  fine  and  rather  granular. 
Anteriorly  the  system  of  transverse  costa)  is  wider  apart,  sometimes 
granulated,  somotinics  almost  continuous,  but  on  the  whole  irregular 
and  coarsish  over  the  entire  surface  of  the  two  last  whorls.  A 
characteristic  feature  is  a  double  row  of  thick  rough  tuberculations, 
which  become  very  prominent  in  the  anterior  whorls.  Between  these 
the  inibricate<l  band  of  the  sinus  is  conspicuous,  occupying  a 
postion  a  little  above  the  middle  of  each  whorl.  The  base  is  nearly 
flat,  and  has  the  irregular  ornamentation  of  the  rest  of  the  body- 
whorl  without  the  tuberculations.  The  sides  of  the  umbilicus  are 
steep,  and  the  ooiumelia  but  slightly  incVvned  outwards. 
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The  aperture  is  irregularly  quadrate :  angular  externally,  and  but 
little  cut  away  on  the  interior. 

Relations  and  Distribution. — ^This  is  by  far  the  finest  specimen  of 
the  ornamented  group  of  Pleurotomaria,  allied  to  PL  angliea,  which 
has  ever  been  found  in  beds  of  this  age  in  Yorkshire.  There  is  a 
specimen  in  the  Leckenby  Collection — length  32mm.,  width  28mm. 
— which  may  be  regarded  as  representing  the  usual  size  of  this  some- 
what rare  form.  Thus  Sir  Charles  Strickland's  shell  may  almost  be 
viewed  as  a  megalomorph,  bigger  even  than  the  foreign  specimens 
described  by  Groldfuss  and  D'Orbigny.  It  is  only  right  to  point  out 
that  D'Orbigny  describes  PL  Agassizii  as  having  the  aperture 
shortened  anteriorly,  which  can  hardly  be  said  to  be  the  case  with 
this  shell,  whose  aperture  is  more  like  that  of  PL  JSesione,  D'Orb.,  or 
of  PL  Phadra,  D'Orb.,  which  are  supposed  to  represent  this  group 
on  a  higher  horizon. 

D'Orbigny's  PL  Agassizii  has  been  obtained  in  the  Yonne,  Haute 
Suone,  and  Gharente  Inferieure.  In  the  Corallian  of  Weymouth  there 
is  a  shell  which  has  more  affinity  with  PL  Pelea  (see  Damon's 
Snppl.  1880,  pi.  xvii.  fig  8),  having  only  a  single  instead  of  a 
double  row  of  tuberculations,  and  being  in  other  respects  different 
to  the  North  Qrimston  shell.  Whiteaves  (Ann.  and  Mag.  Nat  Hist. 
1861,  vol.  viii.  p.  142  et.  seq.)  quotes  a  new  species  of  Pleurotomaria 
allied  to  anglica  from  the  Corallian  of  Oxford,  and  somewhat  similar 
forms  have  been  found  sparingly  in  the  Coral  Rag  of  other  districts. 
Genus  Patella,  Linnaeus,  17 58= Ilelcionf  Montfort  and  D'Orbigny. 

Shells  of  this  genus  are  particularly  scarce  from  the  Corallian 
rocks  of  Yorkshire.  There  are  one  or  two  bad  specimens  in  some 
collections,  but  the  only  decently-preserved  specimen  known  to  me 
is  the  one  described  below. 

54. — Patella  rugosa,  Sowerby,  1816.     Variety.     Plate  IV.  Fig  5. 

Fatella  rugosa^  Sowerby,  1816,  Min.  Conch,  t.  139,  fij^.  6. 

Idem.  Idem.     1860,  Morris  and  Lycett,  Gt.  Ool.  Moll.  p.  89,  pi.  lii.  figs. 

1,  la-g. 
Patelia  Mosenais,  Bnvignier,  1852,  Stat.  geol.  de  la  Meuse,  p.  27,  pi.  21,  figs.   3-4. 

Bibliography,  etc, — The  type  form  of  Sowerby's  species  is  the  well- 
known  and  abundant  Patella  from  Minchinhampton,  of  which  such 
forms  as  P.  Tessoni,  Deslong.,  may  probably  be  regarded  as  megalo- 
morphs.      With  modifications,  P.  rugosa  would    seem  to  have  an 
extensive   vertical   range.      Helcion  Rupellensis,  D'Orb.    (Prod,  de 
Pal.  Strat.  vol.  ii.    p.  12),   from   the   Corallian  of  La  Rochelle,   is 
probably  a  representative.     P.  Mosensis,  Buv.,  is  also  a  near  relative, 
representing  the  species  on  the   same  horizon  in  the  region  of  the 
Meuse.    That  author  describes  his  species  as  being  near  to  P,  rugosa^ 
Sow.,  from  which  it  is  to  be  distinguished  by  a  sliarper  apex,  finer 
lines  of  increase,  and  less  elevation.      Buvignier*s  figure,  however, 
will  hardly  fit  the  Yorkshire  specimen. 

Description. — Specimen  from  the  Coral  Rag  of  North  Grimston 
(Strickland  Collection). 

Length     25    millimetres. 

Width 21-5 

Height     ?  8 
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Shell  oval,  depressed;  apex  (imperfeotly  preserved)  near  tbe 
anterior  margin.  Ornamented  with  longitndinal  radiating  ribs, 
which  are  fine  and  wavy,  and  partly  deflected  where  they  are 
decussated  by  a  few  encircling  rugose  bands.  The  condition  of  the 
specimen  scarcely  admits  of  oloser  description. 

Belations  and  Distribution. — From  the  bulk  of  the  Minchinhampton 
specimens  this  variety  is  clearly  distinguished  by  the  fine  and  more 
wavy  character  of  the  longitndinal  radiating  ribs.  Still  these  are 
not  so  fine  as  those  shown  in  Buvignier*s  figure  of  P.  Mosensis. 

No  instance  of  any  variety  of  Patella  rugosa  having  been  found 
on  this  horizon  in  other  parts  of  England  is  known  to  me,  so  that 
this  specimen  from  the  hard  Rag  of  North  Grimston  is  almost 
unique.  An  imperfect  specimen  from  the  Upper  Calcareous  Grit  of 
Pickering  may  belong  here. 

Order  Opisthobranchiata,  M.  Edwards. 

This  section  of  the  Gasteropoda  is  so  poorly  represented,  and  the 
specimens  are  for  the  most  part  in  such  bad  preservation,  that  very 
little  can  be  said  on  the  subject,  which  must  be  disposed  of  briefly. 

Genus  Bulla,  Klein,  1753. 

Shell  oval,  ventricose,  convoluted.  Apex  perforated.  Aperture 
longer  than  the  shell,  rounded  at  each  end,  lip  sharp. 

55. — Bulla  (?  Akera)  Bkaugrandi,  De  Loriol,  1874:. 

Plate  IV.  Fig.  6. 

Akera  Beaugrandi^  Loriol,  1874,  lioriol  and  Pellat,  Et.  Snp.  Jarass.  de  Boulogne, 

vol.  i.  p.  38,  pi.  vi.  fig.  1. 

Description.  —  Specimen  from  the  Coral  Bag  of  Ay  ton  (my 
Collection). 

Tx^ngtb,  restored 40  millimetres. 

"Width  across  centre 24  ,, 

Shell  oval,  moderately  elongate,  contracted  at  either  extremity, 
and  slightly  tumid  in  the  middle.  Spire  apparently  composed  of 
two  or  three  whorls.  The  last  is  very  large,  and  has  its  surface 
covered  with  broad  and  very  marked  lines  of  increase,  which,  from 
their  prominence  and  irregularity,  produce  a  certain  amount  of 
sculpture  on  the  otherwise  smooth  surface.  The  inner  lip  is  broken 
away  anteriorly,  and  the  out^r  lip  so  involved  in  matrix  that  a  closer 
description  is  impracticable. 

llelations  and  Distribution. — There  is  so  little  to  distinguish  the 
various  species  of  Bulla  from  one  another  that,  when,  as  in  this  case, 
a  specimen  is  unique  and  deeply  involved  in  mati-ix,  some  difficulty 
arises  as  to  its  correct  identification.  Akera  Beaugrandi  occurs  iu  the 
Pteroceriaii  of  the  Boulonnais.  In  outline  and  proportions,  and 
especially  in  the  broad  lines  of  gi-owth,  the  Ayton  specimen  greatly 
resembles  De  Loriors  species.  Unfortunately,  there  is  no  evidence 
that  the  anterior  portion  of  the  columella  is  as  much  excavated  as  in 
the  typo  specimen.  Buvignier  has  two  species  of  Bulla,  viz.  B. 
Dyoniseay  Bnv.  (Stat.  geol.  de  la  Meuse,  p.  28,  pi.  21,  figs.  25  and  26), 
and  Bulla  Moreana,  JBuv.  (op.  cit,  p.  28,  pi.  21,  figs.  33  and  34) — 
both  from  the  "argile  de  Kimmeridge"  of  the  Meuse — which  also 
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bear  some  resemblance  to  the  specimen  under  consideration.  The 
proportions  of  B.  Dyonisea  especially  come  very  near,  but  the  lines 
of  growth  are  represented  as  being  fine  in  that  species. 

Genns  Action,  Montfort,  1870  =  Tomatella,  Lamarck. 

Shell  conically  ovate,  with  a  conical,  many-whorled  spire. 
Spirally  grooved  or  punctate -striate  ;  columella  with  a  long  tortuous 
fold. 

AcT^ONiNA,  D'Orbigny,  1860,  is  an  Actceon  (TornaieUa),  without 
plaits  on  the  columell^i.  Cylindbites,  Lycett,  *1850,  is  regarded  by 
S.  P.  Woodward  as  a  subgenus  of  Actaon  (cf.  Great  Ool.  Moll.  p.  97, 
and  Manual  of  MoUusca,  p.  180).  Section  1  :  Shell  smooth,  slender, 
snbcylindrical ;  spire  small,  aperture  long  and  narrow,  columella 
rounded,  twisted  and  directed  slightly  outwards.  Section  2  :  Shell 
oval,  spire  sunk,  whorls  with  acute  marginn.  This  subgenus  is 
apparently  not  recognized  by  continental  authors. 

66.— Action  ektusus,  Phillips,  1829.     Plate  IV.  Fig.  7. 

Actiton  retuius,  D'Orbigny.     Prod,  de  Pal.  Strat.  toI.  i.  p.  363,  Et.  Oxf. 

Bibliography  J  «/c.— Phillips's  specimen  most  probably  came  from 
the  Lower  Calcareous  Grit  of  the  coast.  The  columella  in  his 
figure  appears  more  twisted  than  is  the  case  with  the  specimen 
under  consideration. 

Description. — Specimen  from  the  Coral  Rag  of  Ay  ton  (Leckenby 
Collection). 

Len^h 19  millimetres. 

Width 9 

Ratio  of  body -whorl  to  entire  length 76:  100. 

Shell  ovately-cylindrical,  smooth.  Spire  composed  of  four  or  five 
whorls,  which  are  tumid,  increase  suddenly,  and  are  clearly  separated 
by  the  suture.  The  height  of  the  body- whorl  is  three-fourths  of  the 
eutire  shell.  In  form  it  is  an  ovate  cylinder  rapidly  contracting  at 
either  extremity.  The  aperture  extends  over  almost  the  entire 
length  of  the  body-whorl,  and  is  narrow  posteriorly.  The  outer  lip 
appears  to  be  rather  thick.  The  inner  lip,  nearly  straight  at  first, 
is  strongly  excavated  anteriorly,  but  scarcely  twisted  (?  Actaomna). 
It  projects  clear  of  the  columella,  which  is  solid.  Anterior  portion 
of  the  aperture  wide.  No  markings  other  than  fine  lines  of  growth 
can  be  distinguished. 

Relations  and  Distribution, — This  form  is  near  to  Bulla  (Acta>onina) 
oUtaformis,  Koch  and  Dunker  (Nordd.  Oolith.  p.  41,  pi.  v.  fig.  3), 
which  is  said  to  occur  in  the  Upper  "  Coral lenkalke**  of  the  Middle 
Oolite  along  with  Astarte  rotundata.  Roomer,  Melania  striata. 
Sow.,  and  Cidarites  Blumenbachii,  GoMf. — the  very  species  which 
are  companions  of  the  Ayton  shell.  Phillips's  species  is  more  usually 
met  with  in  the  Lower  Calcareous  Grit,  but  it  is  not  common  any- 
where. 

57.— Cylindrites  elongatus,  Phillips,  1829.     Plate  IV.  Fig.  8. 

BttUaelm^ata,  Phillips,  1829,  Geology  of  Yorkshire,  vol.  i.  pi.  iv.  fig.  7. 
CjfUndrites  elongatUy  Phillips,  1876,  op.  eit.  3rd  ed.  p.  260. 
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Bibliography,  etc.  —  No  description  has  ever  been  given  of  this 
species,  and  Phillips's  figure  is  turned  in  such  a  way  as  to  show 
nothing  of  the  twist  in  the  columella,  which  would  seem  to  exclude 
it  from  the  Bullida.  Those  foreign  authors  who  have  been  bold 
enough  to  speculate  in  this  connexion  have  generally  regarded  this 
species  as  a  Bulla.  Thus  Brauns  (Ob.  Jura,  p.  239),  in  describing 
Bulla  HildeMensis,  Roemer,  refers  to  Bulla  elongaia.  De  Loriol  also 
(Et.  Supr.  Jurass.  de  Boulogne,  vol.  i.  p.  38)  appears  to  conceive  that 
Bulla  elongata  is  a  true  Bulla,  having  certain  "  rapports  **  with  Akera 
Beaugrandi. 

As  all  the  specimens  accessible  to  me  are  in  a  wretched  state  of 
preservation,  I  can  only  suggest  that  the  species  in  question  may 
belong  to  the  second  section  of  Cylindritea,  which  in  the  sunken 
character  of  the  spire  and  thinness  of  the  outer  lip  approaches 
Bulla. 

Beacrtption.  —  Imperfect  specimen,   Passage-beds  of  the  Lower 

Limestones,  Scarborough  Castle  (my  Collection). 

Lengrtb    38  millimetres. 

Width 17        „ 

Shell  ovate-elongate,  contracted  at  either  extremity,  but  more  so 
anteriorly.  Spire  composed  of  few  whorls,  smooth,  and  shoi^-ing  no 
lines  of  increase.  Shell  substance  rather  thick,  except  on  the  outer 
lip.  Aperture  long  and  narrow  throughout,  but  more  especially 
towards  the  posterior  extremity.  The  excavation  of  the  columella 
is  gradual ;  near  the  base  it  is  strongly  twisted  and  directed  outwards 
so  as  to  meet  the  outer  lip  with  a  sharp  curve.  (N.B. — The  anterior 
extremity  of  the  aperture  is  broken  away  in  Fig.  8.) 

Relations  and  Bistribution.  —  Cylindrites  elongatua  is  excessively 
plentiful  in  the  Passage-beds  and  body  of  the  Lower  Limestones  of 
the  Tabular  Hills,  where,  along  with  Gervillia  aviculoideHf  it  con- 
tributes largely  to  the  shell -beds  of  that  horizon.  It  is  almost  un- 
known in  the  Coralline  Oolite,  and  has  never,  to  my  knowledge, 
been  found  in  the  Coral  Rag.  Tlius  it  must  be  regarded  as  an 
Upper  Oxfordian  fossil,  whose  representatives  should  be  sought  in 
such  beds  as  the  *'  Oolithe  ferrugineuse ''  rather  than  in  the  *'  Coi'al 
Rag  "  of  the  Continent. 

58.— Cylindrites,  sp.     Plate  IV.  Fig.  9. 

The  specimen  figured  is  from  the  Coml  Rag  of  Ayton.  It 
represents  a  form  which  is  of  somewhat  rare  occurrence  in  the  Coral 
Rag  of  the  Scarborough  district.  The  examples  hitherto  found  are 
too  imperfect  to  identify  or  describe.  The  nearest  species  is  pro- 
bably Cylindrites  Lhuidii,  Whiteaves.  It  belongs  to  the  section  of 
Cylindrites  with  a  well-developed  spire,  whereas  Cy,  elongatut 
belongs,  as  we  have  seen,  to  the  section  where  the  spire  is  sunken. 

EXPLANATION   OF   PLATE  IV. 

Fio.  \a.  Trochotoma   iortiatUis,    Phillips.      Coral  Rag  of  Brompton.      Strickland 

Colloctioii. 
J,      lb.  ,,  „  Same  C<>lluction.     C.  R.  North  Grimston. 

,,      2a.  and  b.  Plcurotomaria,  Bpecies.  Lower  Limestones,  "NVydale.    My  Collection. 

Front  and  back. 
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Fxo.  2e.  Portion  of  same  magnified. 

„      3.  Fleurotamaria  reticulata,  Sowerby.  Coral  Bag  of  Settrington  Grange.    Mj 

Collection. 

y,  4a  and  b,  „  Agauisii,  Miinster.  Coral  Bae  of  N.  Orimston.  Strick- 
land Collection.    %ack  and  front. 

„      6.  Patella  rugoaa,  Sowerby,  variety.    Coral  Bag  of  N.  Grimston.    Strickland 

Collection. 

„      6.  Bulla  Beaugrnndi'.     De  Loriol.     Coral  Bag  of  Ayton.    My  Collection. 

„      7.  Aeiaon  retusue,  Phillips.     Coral  Bag  of  Ayton.    Leckenby  Collection. 

„      8.  Cylindrite^  elongatusy  Phillips.      Passage- beds  of  the  Lower  Limestones, 

Scarboron^  Castle.     My  Collection. 

„      9.  Cglindritesy  sp.    Coral  Bag  of  Ayton.    My  Collection. 

Explanation  of  Table. 

The  table  annexed  contains  a  complete  list  of  the  Gasteropoda 
entitled  to  be  regarded  as  species  belonging  to  the  Corallian  beds  in 
Yorkshire.  On  referring  to  the  generalized  scheme  of  these  beds  in 
the  special  introduction,  pp.  246 — 247,  the  various  subdivisions  are 
indicated,  but  a  few  additional  remarks  explanatory  of  the  four 
columns  in  the  table  of  fossils  may  be  useful. 

The  basal  beds  of  the  Kimmeridge  Clay  limit  the  group  upwards. 
The  Supracoralline  beds,  which  immediately  underlie  these,  have 
bitherto  yielded  such  very  poor  traces  of  Univalves,  that  it  is  not 
ifOTth  while  to  devote  a  column  to  this  subformation. 

C.R.  No.  2. —  This  is  the  Flortgemma-HsLg,  which  girdles  the 
western  half  of  the  Vale  of  Pickering,  and  overlies  the  Coralline 
Oolite  of  those  regions.  North  Grimston,  Langton  Wold,  Hildenley, 
Slingsby,  etc.,  have  been  the  most  productive  localities.  Its  fauna 
is  fairly  similar  to  that  of  C.R.  No.  1 ;  but  where  the  forms  are 
identical  or  analogous,  they  are  for  the  most  part  finer  and  larger. 
Its  affinities  with  the  fauna  of  the  Coral  Rag  at  Upware  are  rather 
Btriking — shown  perhaps  still  more  in  the  Conchifera. 

C.R.  No.  1. — This  is  the  Coral  Rag  which  occupies  the  inner 
slopes  flanking  the  Vale  of  Pickering  eastwards  from  Brompton. 
Seamer  station  is  the  nearest  point  to  Scarborough,  distant  about  three 
miles.  Brompton,  Ruston,  Ayton  and  Seamer  are  the  best  places 
for  collecting ;  and  as  all  these  villages  are  within  an  easy  drive  of 
Scarborough,  that  town  is  often  quoted  as  the  locality  for  the  fossils 
of  this  Rag.  It  is  devoid  of  Cidaris  fiorigemmay  but  contains  Cid, 
Smithti,^ 

CO. — The  Coralline  Oolite  includes  the  0/i6mwi7^ia-limestones, 
and  calcareous  pastes  with  Oolite  which  underlie  the  Coral  Rags 
throughout  the  circuit  of  the  Vale.  The  Oolite  at  Malton  belongs 
here.  Palaeontologically  it  includes  the  shell-beds  connected  with 
the  Middle  Calcareous  Grit,  especially  the  Tngania-beds  at  Pickering. 
The  subdivision  contains  a  large  and  varied  assemblage  of  Conchi- 
fera, but  the  Gasteropoda,  though  individually  abundant  in  some 
instances,  belong  to  few  species. 

L.L. — The  Lower  Limestones  constitute  an  important  group  or 
subformation  in  a  stratigraphical  sense,  and  they  contain  large  beds 

^  There  may  be  some  doubt  as  to  whether  all  thespines  of  Cidaris — for  the  test  is 
^rfly  erer  met  with — really  belon<;rto  C.  Smithiiy  Wright,  but  no  spine  which  could 
fairly  be  referred  to  C.Jlorigemma  has  been  found. 

DBCADB  n. — VOL.    YItl.—NO.   III.  ^ 
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of  Oolite,  which  have  been  frequently  mistaken  for  the  Oolites 
above  the  Middle  Oalcareous  Orit.  The  ao-oalled  Condline  Oolite  of 
Scarborough  Castle  belongs  here.  Gkuiteropoda  are  soaroe  and  badly 
preserved  with  few  exceptions.  The  Lower  Ooral  Bag  of  Haokness 
is  in  this  series,  and  the  shell-beds  on  this  horizon  in  other  looalitiea 
{e,g,  Wydale)  have  yielded  a  few  specimens. 

L  C  G,  Lower  Calcareous  Orit. 

N.B. — The  numbers  on  the  left  side  of  the  Table  refer  to  speoies 
described  in  the  Memoir,  v  r  means  very  rare ;  r  rare ;  ^  modern 
ately  plentiful ;  o,  common ;  v  o,  very  common. 

CORALLIAN    GASTEROPODA,    YORKSHIRE. 


I 

2 


3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 

15 
i6 

17 
i8 

19 

20 
21 
22 

23 

24 

25 
26 

27 

28 

29 

30 
31 
32 

33 


Gbnira  and  Spsais. 


34 
35 


Purpuroidea  nodulata^  Young  and  Bird 
cf.  tuberasoj  Sowerby 

Mutex  Haccanensis^  Phillips    ...     . 
Natica  buccinoidea^  Young  and  Bird 

Clynuma^  D'Orbigny 

Clytia,  D'Orbigny     ...     . 

arruta,  Phillips 

Chtmmtzia  Jfeddingtonensis,  Sowerby 

Pollux,  D'Orbigny    ... 

LangtonensiSf  Blake  and  Hudleston 

cf.  corallina,  D'Orbigny  .. 

cf.  Clytiaj  D'Orbigny 

** Phasiafulla''*  striata,  Sovitxhy 

Ph.  striata,  var.  Bartonensis    

Pseudomdania  grcuUiSy  sp.n 

Buvignieri,  auctorum 

Zo'wi^iW,  D'Archiac 

Cerithium  muricatum,  Sowerby 

Russiense,  D'Orbigny 

near  to  lima/orme,  Rcemer 

near  to  grandineum,  Buvignier 

near  to  Humbertinum,  Buvign 

bicinctum,  sp.  n 

gradatum,  sp.n , 

inomatum,  Buvignier 

Nerinaa  fusiformis,  D'Orbigny 

Moreana,  D'Orbigny 

ditto,  Brompton  variety    .. 

pseudovisurgis,  sp.n 

^orw^r/,  Phillippi      ...     ., 

Goodhalliiy  Sowerby 

Alaria  bispinosa^  Phillips 

Littorina  muricata.  Sow.  var.  A,     ., 

Sow.  var.  B, 

Sow.  var.  C     ., 

**7urbo,"  cf.  Buzn'gnieri,  D'Orbigny 
Alaria,  cf.  tridactyla,  Buvignier 

Amberltya  Stricklandi,  sp.n 

princeps,  Roemer       ...     ., 
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36  i  Nitriiopisis  Guerrei^  Hubert  and  Deslongchamps 

37  {         ■         Moreauana^  D'Orbigny    

38    i^flrtfiTo/a,  Miinster     

39  I  TlvrA^  ^vraiZmxir,  Buvignier      

40    Erinust  D'Orbigny 

4'  '■  lavis^  Buvignier 

42  Ddpkinula  funuuUUa^  Phillips        

43  Pellati^  Be  Loriol      

44  Trockus  odsoletusy  Kosmet  .„      

45  <u%Uicarina^  Buvignier      

46  ^-^ granulans^  sp.n.        

i  47    Aytotunsis^  Blake  and  Hudleston    ... 

I    ^^  wLJw^lCS  •••          •••          »••         •••         •••         •••          ■•• 

I  49     Troehatoma  tomatUiSy  Phillips 

i  50     Pleurotomaria^  sp 

\  51     Miinsteriy  Rcemer     

)  5*    rdkulata^  Sowerby 

153    Agassitii,W^ii&X<tx     

:  54    PaUlla  rygosa^  Sowerby — variety     

1  55    Bulla  Beat^andiy  De  Loriol 

j  56    AcUeoH  retususy  Phillips     

57     Cylindriies  ehngahiSy  Phillips 

SS    CylindriUSy  species     
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298,  deU 

394,  line 

395,  ,, 

403,  last 
,,     last 

404,  line 

484,  „ 
Idem  „ 

485,  „ 
488,  „ 
535,    ,, 


Errata. 
Flige  295,  line  12, /or  1850  rtmi  1852,  and  similarly  where  vol.  ii. 

^  Terrains  Jorassiques  is  quoted. 

,,    ,,    ,,    under  the  word  luMinoxdea. 
20, /or  fig.  2read&g.  3. 
28,   „  fig.  3     „    fig.  2. 
line  but  one,  for  3  read  2. 
line  but  two,  „   2    ,,     3. 
12 f  for  Rag  read  Oolite. 


3, 

21, 

42, 

1, 
36, 


»» 


»» 


», 


St.  Michel  read  St.  Mihiel. 
Verdanense   „   Virdunense. 
species  read  individual 
St.  Michel  read  St.  Mihiel. 
Heve  read  Heve.. 


v.— ''Pbkhistoeio  Europe" — Submerged   Forests  and   Forest- 
Beds,  Cornwall. 

By  W.  A,  E.  UssHER,  F.G.S. 

IN  Mr.  Geikie's  admirable  work  on  "  Prehistoric  Europe,"  in  the 
chapter  "On  British  Post-Glacial  and  Recent  Deposits,"  he 
alludes  more  than  once  in  very  flattering  terras  ta  my  share  in 
elucidating  Cornish  Post-Tertiary  Geology,  at  the  same  time,  how- 
ever, questioning  certain  conclusions  attributed  to  me  with  reference 
to  the  general  correlation  of  the  Forest-beds  in  stream-sections,  t.e. 
those  resting  on  the  tin  ground,  with  the  Forests  *'  exposed  upon  the 
present  foreshore." 

Mr.  Geikie  says,  after  sifting  the  evidence,  p.  441 :  "  I  have  been 
Qnable  to  discover  the  grounds  upon  which  it  is  assumed  that  the 
Lower  Peat  and  Trees  which  rest  upon  the  tin  gravels  are  necessarily 
synchronous  with  the  submerged  forests  exposed  upon  the  present 
foreshore.  In  some  cases  this  may  be  the  fact,  but  it  is  hard  to 
believe,  on  the  evidence  produced,  that  this  correlation  can  be  gene- 
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rally  sustained."  After  illnstrating  his  objection  by  a  reference  to 
the  Happy  Union  Section  described  by  Mr.  Colenso  at  Pentuan,  he 
arrives  at  the  conclusion  that  the  ancient  forest-bed  on  the  stream- 
tin-gravels  is  a  relic  of  an  older  land  surface  than  that  represented 
by  the  submarine  forests  on  the  present  coast-line. 

Had  I  stated  that  the  forest-beds  in  question  were  generally  cor- 
relative with  the  traces  of  vegetation  from  time  to  time  discoverable 
on  the  present  foreshore^  I  should  have  committed  the  ^regions 
error  into  which  Prof.  Geikie  thinks  I  have  fallen,  and  that  upon 
the  single  favourable  datum  furnished  by  Mr.  Game's  section  of 
Huel  Darlington  mine  in  the  vicinity  of  Mounts  Bay. 

In  Post-Tertiary  Geology  of  Cornwall  (printed  for  private 
circalflitiou  in  1879),  p.  45,  1  have  stated  my  views  as  follows :  "  The 
gro^vth  of  the  old  forest,  the  relics  of  which  have  been  met  with  all 
round  the  Cornish  coast,  must  have  extended  over  a  long  period  of 
time.  The  evident  connexion  of  the  Mounts  Bay  Forest  with  the 
bed  in  Marazion  Marsh  overlying  stream-tin,  pointed  out  by  Mr. 
Carne  ;  and  the  constant  presence  of  a  distinct  vegetable  stratum,  or 
of  detritus  mixed  with  vegetable  matter,  on  the  tin-gravels  in  most 
of  the  principal  sections,  points  to  a  general  correlation  of  the  sub- 
merged forests  on  the  coasts  with  the  forest-bed  in  stream-tin 
sections."  I  did  not  anticipate  the  acceptation  of  the  phrase 
'^  submerged  forests  on  the  coasts,"  in  the  above  passage,  in  so 
littorally  literal  a  sense  as  "  the  submerged  forests  exposed  upon  the 
present  foreshore,"  as  Prof.  Geikie  has  rendered  it,  but  meant  by  it 
the  extensive  tract  of  which  these  traces  between  high-  and  low- 
water  mark  are  the  only  observable  relics — a  tract  of  the  extension 
of  which  I  have  taken  (op,  cit.  p.  43)  the  depths  of  the  stream-tin 
gravels  of  Par,  Pentuan,  Carnon,  etc.,  below  the  sea-level  to  be 
indicative. 

I  conceive  the  forests  to  have  flourished  over  a  wide  area  extend- 
ing beyond  the  limits  of  the  present  coasts.  That  this  area  was  of 
the  nature  of  a  great  plain  broken  and  stepped  by  old  marine  terraces 
modified  by  subaeriai  denudation,  and  that  it  was  breached  by 
valleys  representing  the  then  existing  lines  of  drainage  and  also 
clothed  with  vegetation.  As  a  gradual  subsidence  narrowed  the 
limits  of  the  forest  tract,  the  sea  in  its  advance  would  naturally 
encroach  upon  the  valleys,  and  if  the  forest  growth  continued  un- 
impaired on  the  plain,  and  in  its  inequalities,  the  lower  tracts  would  of 
course  be  first  submerged,  and  their  submersion  could  not  be  regarded 
as  strictly  synchronous  with  that  of  the  forest  belt  fringing  parts  of 
the  foreshore  where  no  such  depression  existed. 

l]ut  here  again  I  must  guard  myself  against  misunderstanding.  I 
do  not  think  that  those  parts  of  the  forest  which  had  taken  root  in 
the  tin  ground  in  the  valleys  were  left  in  undisputed  possession  of 
those  positions  from  their  first  growth  until  the  access  of  the  sea  to 
their  sites  (Vide  Pleistocene  Geology  of  Cornwall,  Part  IV.  General 
Notes  on  Submerged  Forests  and  Tin  Gravels,  Geol.  Mag.  for  1879. 
'*  To  synchronize  the  forest  remains  in  the  various  sections,  etc.." 
and  "In   like   manner  the   duration  of  the  forest  growth,  etc.") 
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Snch  an  idea  would  postulate '  the  entire  desertion  of  the  main 
drainage  lines  during  the  period  of  forest  g^wth,  of  the  duration  of 
which  the  Forest-bed  in  stream-tin  sections  affords  no  measure 
whatsoever. 

Take  for  example  the  Happy  Union  Valley.  Part  of  it  was  at  least 
tenanted  by  running  water,  the  old  forest-bed  (to  use  a  relative 
term)  being  buried  beneath  a  stratum  of  silt,  probably  river  detritus, 
one  foot  thick ;  then  we  have  a  nearly  continuous  layer  of  vegetable 
matter,  probably  drifted,  and  an  appearance  of  silting  up  and  of 
moss  growth,  the  water  being  confined  to  small  runlets  hardly 
breaking  the  continuity  of  vegetable  matter.  After  this  the  gradual 
prevalence  of  estuarine  conditions  is  evidenced  in  a  bed  of  silt, 
which  resembles,  from  the  delscription,  as  Mr.  G^ikie  points  out, 
the  bluish  clay  so  often  found  beneath  the  submerged  forests  on 
the  foreshore.  In  this  silt  drift-wood  also  occurs ;  but  as  the  top  of 
the  bed  is  about  18  feet  below  low- water  level,  it  would  have  been, 
supposing  the  growth  in  situ,  subjected  to  estuarine  conditions  before 
the  forest  belt  on  the  foreshore  was  buried  beneath  sea  sand; 
and  the  vegetable  matter  corresponding  strictly  in  position  with  the 
Babmerged  forest  between  high-  and  low- water  mark  would,  as  Mr. 
(jeikie  points  out,  occur  in  the  bed  of  sand  20  feet  thick,  in  which 
oaks  were  found  lying  in  all  directions,  and  bones  of  red-deer,  etc. 

In  Camon  Stream  Works,  as  given  by  Mr.  Hen  wood  (T.  R.G.S. 
Corn.  vol.  iv.),  where  human  remains  were  found  in  association  with 
vegetable  matter  at  46  feet  below  low-water,  there  would  appear  to 
be  no  vegetable  representative  of  the  forest  growth  on  the  foreshore : 
but  I  cannot  therefore  regard  the  vegetable  bed  on  the  tin  ground  in 
this  section  as  representing  an  older  land  surface  than  the  submerged 
forests  fringing  the  coast-line,  in  any  other  sense  than  its  position  in 
a  depression  entitles  us  to  infer — that  its  growth  as  a  tiny  portion  of 
a  large  forest  tract  was  of  less  duration  than  that  of  portions  not 
similarly  situated,  and  being  submerged  before  the  districts  at  a 
bigher  level  did  not  remain  a  land-surface  so  long. 

The  growth  of  woods  on  the  tin  ground  soil  would  be  unlikely  to 
lead  to  the  formation  of  a  bluish -grey  substratum,  such  as  we  find 
beneath  most  traces  of  submerged  vegetation  on  the  coasts,  resulting 
from  surface  decomposition  of  the  Killas,  tinged  by  carbonaceous 
matter ;  so  that  such  differences  are  no  doubt  due  to  the  accidents 
of  position.  Local  conditions,  however,  were  so  varied  as  to  permit 
of  the  formation  of  a  clay  soil  in  certain  valleys,  Pentuan  for 
example,  upon  alluvial  deposits  accumulated  subsequently  to  the 
destruction  of  the  parts  of  the  forest  rooted  in  the  tin  ground,  and 
this  clay  appears  to  be  similar  to  that  which  we  find  beneath  those 
portions  of  the  submerged  forest  between  high-  and  low- water  mark, 
which  doubtless  nourished  the  forestial  growth  from  its  beginning 
to  its  close  over  much  of  the  area  it  originally  occupied. 

The  expression  "  older  laud- surface,"  as  indicated  by  the  forest- 
bed  on  tin  gravels,  has  been  fully  explained  to  me  by  Mr.  Geikie, 
who  kindly  furnished  me  with  the  following  summary  of  his  views, 
tliereby  depriving  these  remarks  of  any  controversial  chaxact^t. 
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1.  Forest-bed  on  stream-tm  grayelsssgreat  fdrett  growth:  land  of  widor  extent 

tliaiiiiow. 

2.  Marine  and  eetoarine  beds  in  itream-tin  aeetionaasabmergenoe  ol  land  and 

entombment  of  trees. 

3.  Trees  and  forest-bed  in  npper  part  of  stream-tin  sections,  and,  probably,  snb- 

merged  forests  on  foresnoreseleTation  of  land,  and  re-adTanoe  of  teeea. 

4.  Beds  aboTe  3  ^partial  submergence. 

In  the  above  synopsis  Mr.  Gkikie  advocates  a  recent  osdUatiim 
by  which  the  dwindling  forest  growth  gained  new  strength  in  • 
comparatively  brief  respite  prior  to  its  final  decay ;  and  is  inclined 
to  regard  the  traces  of  vegetation  on  the  foreshore  as  relics  of  the 
re-growth  of  the  trees  upon  sites  rendered  untenable  by  the  previoos 
subsiding  movement. 

To  this  I  have  no  objection  whatever  to  nige :  on  the  contraiy, 
it  is  in  conformity  with  the  oscillation  advocated  by  Mr.  Oodwin- 
Austen,  to  account  for  planed  rock  reefs  at  a  little  Above  higfa«water 
level  (Rep.  Brit  Assoa  lor  1850,  Trans,  of  Sects,  p.  71).  '<8uoh 
an  oscillation  might  serve  to  explain  the  river  sediments  eaining 
on  the  marine  in  estuarine  «tream-tin  sectioos,  and  to  enable  them 
to  continue,  part  passu,  with  a  resumption  of  the  subsiding  move- 
ment,"  eta,  etc.  (Pleistocene  Oeology  of  Oomwall,  Part  Y.  General 
Notes,  Gkol.  Mao.  for  July,  1879). 

Mr.  Geikie's  conclusions  are  based  on  an  extensive  knowledge  of 
facts,  collated  from  all  quarters,  and  whioh,  I  need  hardly  say.  were 
beyond  my  range.  I  could  only  advocate  the  probability  of  an 
08cillation  of  a  few  feet,  as  suggested  by  Mr.  Godwin -Austen,  so 
that  from  so  restricted  a  point  of  view  I  could  not  regard  the 
re-elevated  foreshore  as  favourable  to  the  growth  of  trees.  I  do 
not,,  however,  think,  as  regards  Cornwall,  Devon,  and  Somerset,  that 
tlie  elevation  hinted  at  might  not,  without  militating  against  facts, 
be  made  sufficiently  elastic  to  have  converted  the  shallows  of  such 
coasts  as  Mounts  Bay  into  dry  land,  and  have  continued  long  enough, 
not  only  to  arrest  the  decay  of  the  surviving  forests  in  inland 
localities,  but  even  to  permit  of  their  re-growth  upon  deserted 
foreshore  sites,  and  to  give  colour  to  the  tradition  of  "  Caraclowse 
in  Cowse,  in  English  the  hoare  rock  in  the  wood,"  as  applicable  to 
St  Michaers  Mount 

In  conclusion,  I  must  plead  necessity  for  recurring  at  such  length 
to  this  subject,  at  the  same  time  expressing  my  thanks  to  Mr.  Geikie 
for  affording*  me  the  opportunity  of  explaining,  more  fully,  views 
which  the  general  tenor  of  my  classification,  as  expressed  in  my 
papers  on  Cornish  Post-Tertiary  Geology,  may  have  left  somewhat 
ill  defined,  as  it  was  foreign  to  ray  purpose  to  discuss  at  length  tlie 
changes  indicated  by  the  details  of  individual  stream-tin  sections. 


VI. — Lacoolites. 

By  G.  H.  EiNAHAN,  M.R.I. A., 
President  of  the  Royal  Geological  Society  of  Ireland. 

IN  the  Report  on  the  Geology  of   the  Henry  Mountains,  Bocky 
Mountain  Region,  Mr.  G.  K.  Gilbert,  of  the  U.S.  Geographical 
and  Geological  Survey,  points  out  that  many  of  the  intrusions  of 
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«rnptive  rooks  now  exposed  had  a  deep-seated  origin  ;  the  molten 
rock  haring  filled  vaoanoies  in  the  rooks,  aod  oeTor  coming  to  the 
■urfaoe  nntil  they  were  exposed  by  denudation  or  by  faults.  To  quote 
our  aathor,  "The  lava  .  .  .  instead  of  rising  through  all  the 
beds  of  the  earth's  crust,  stopped  at  a  lower  liorison,  insinuated  itself 
between  two  strata,  and  opened  for  itself  a  ohamber  by  lifting  all 
the  anpetior  beds.  In  this  it  oosgealed,  forming  a  massive  body  of 
ttap^"  For  these  masses  of  emptive  rooks,  Gilbert  proposes  the 
name  Zoeeolite  (Or.  lakkos  eitUrn,  and  lithos  ttone).  In  the 
Ooe.  Wexford  and  Wicklow  some  of  the  protrusions  of  eruptive 
rooks  are  entitled  to  this  name,  the  rooks  having  oongealed  in  oistems 
below  the  snrfaoe  of  the  earth ;  there  are,  however,  some  marked 
differenoee  between  them  snd  the  laooolites  of  the  Henry  Mountains. 
I^e  latter  were  intruded  into  nearly  horizontal  strata,  the  laooolites 
only  oonmst  of  one  kind  of  rook,  while  the  adjoining  rooks  seem  to 
have  been  ,very  little  altered.  But  the  Wexford  and  Wioklow 
Isooolites,  on  the  other  hand,  were  intmded  into  highly  disturbed 
■trata,  they  are  made  up  of  a  variety  of  rocks,  and  always  the 
tqno-igoeons  action  due  to  their  intrusion — "  baked  "  or  altered, 
>  greater  or  less  thioknesa  of  rooks  about  them. 


Vertical  wctian  of  a  Laccolite  in  contorted  atnto. 


^    ^    ^     ,     Molten  rocka  j 

■'■■'■■'""'■  J  of  LiccoUte. 

■.■.*.■.    Fragmentatj  rocks ) 

The  distance  to  which  the  "baking"  has  extended  is  very  variable, 
<Hi  account  of  the  ends,  not  the  planes,  of  the  differently  composed 
hedi  being  in  contact  with  the  eruptive  rocks ;  rocks  of  different 
characters  and  composition  being  differently  susceptible ;  conse- 
quently, in  regard  to  their  composition,  some  liave  been  more 
altered  in  depth  and  quality, — few  apparently  being  ever  changed 
into  gneissoid  and  granitoid  rocks. 
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The  rooks  in  the  more  marked  laocolites  are  usually  gabbros  or 
allied  eurites,  that  graduate  into  granitoid,  and  allied  basic  el  vans ;  but 
sometimes  there  are  also  felstones  with  their  allied  elvans.  Associated 
ivith  these  normal  intrusive  rocks  are  others  of  fragmentary  character, 
like  agglomerates  and  other  tuffs.  Such  meclianioaliy  formed  rocks 
are  usually  supposed  to  be  accompaniments  of  suiface  accumula- 
tions ;  a  little  consideration,  however,  will  show  that  it  is  not  only 
possible  but  even  highly  probable  that  they  accompany  the 
formation  of  some  laocolites. 

In  order  that  a  laccolite  may  be  formed  in  a  particular  place,  some 
favourable  conditions  must  exist  at  that  place.  During  the  dis- 
turbances of  the  strata,  such  has  taken  place  in  the  Cambro-Silurian 
rocks  of  Wick  low  and  Wexford,  the  horizontal  jamming  of  one  or 
more  breadths  of  rock  against  each  other  would  make  them  tend  to  rise 
and  yield  more  readily  to  the  pressure  of  the  molten  mass  injected 
beneath.  In  some  cases  they  might  rise  even  independently  of  this 
pressure,  leaving  a  vacancy  under  them,  inviting  the  ingress  of  the 
lava ;  such  hollows  might  sometimes  be  enlarged  by  the  gases  being 
forced  into  them  under  high  pressure,  the  gases  blowing  in,  out  of 
the  passages,  loose  fragments  of  the  rocks  in  addition  to  those 
carried  in  on  the  molten  matter ;  and  all  brought  iuto  the  chamber, 
either  by  the  force  of  the  gas  or  by  the  molten  matter,  be  driven 
into  the  cracks  or  other  vacancies,  or  be  lifted  up  on  the  surface  of 
the  latter. 

The  general  character  of  the  laocolites  under  consideration  seems 
to  be  this — their  principal  mass  or  nucleus  is  composed  of  intrusive 
rocks,  while  on  these  and  filling  interstices  in  the  "  baked  rocks  " 
are  these  fragmentary  rocks,  while  ''  baked  rocks "  envelope  all. 
Sometimes,  however,  these  fragmentary  rocks  extend  away  into  the 
''  baked  rocks."  An  explanation  for  these  also  may  be  suggested ; 
open  fissures  existed  between  beds  of  strata  or  across  them,  all  of 
which  had  to  be  filled ;  into  those  that  terminated  either  upward  or 
lengthways  the  fragmentary  matter  was  blown  and  forced  to  remain 
in  them,  while  if  the  fissure  led  to  another  cistern  or  to  the  surface, 
the  fragmentary  matter  would  be  forced  through  or  carried  out  of 
it ;  thus  we  should  have  dykes  of  the  normal  rocks  of  the  laccolite 
leading  from  one  to  another,  while  on  these  normal  rocks  and  in 
dykes  or  in  apparently  interbedded  masses  leading  away  from  them, 
we  should  find  their  fragmentary  adjuncts.* 

The  fragmentary  rocks  associated  with  the  gabbros  are  often 
highly  calcareous.  In  many  cases  they  are  an  agglomerate  con- 
taining limestone  concretions ;  and  in  some  places  there  are  masses 
of  such  agglomerates  that  appear  to  be  independent  laocolites,  tlie 
rocks  surrounding  them  being  baked  ;  in  some  places  it  is  evident 
that  small  masses  of  such  fragmentary  rocks  must  have  been  pro- 
truded into  their  present  positions. 

*  Gilbert  mentions  as  adjuncts  to  his  laocolites  "dykes  and  sheets";  these,  how- 
ever, are  filled  with  a  rock  the  same  as  the  laocolites,  wliile  in  Wexford  and  Wicklow 
the  dykes  and  sheets  often  seem  to  be  frag^entarj-  rocks. 
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R  E  V  I  E  "w-  s. 

I. A      MoifOORAPH     OF     THE    SiLURIAN     FoSSILS     OP     THE     GiRVAN 

District  in  Ayrshire.  By  H.  A.  Nicholson,  and  R.  Ethbridqb, 
jun.  Fasc.  III.  8vo.  pp.  i.-vi.,  287 — 341,  and  Plates  xvi — 
xxiv.     (London  and  Edinburgh,  Blackwood,  &  Co.,  1880.) 

BESIDES  descriptions  of  SerpuLites  and  various  so-called  Worm- 
tracks  (which  are  here  carefully  treated  as  having  been  pro- 
bably dae  to  Crustaceans  and  other  creeping  and  burrowing  animals 
besides  Worms),  the  Asteroid  and  Crinoid  Echinodermata,  found  in 
the  Silurian  rocks  of  Girvan,  are  published  in  this  Part  of  Nicholson 
and  Etheridge's  excellent  Monograph.  It  contains  also  some  of  the 
intended  Supplements  descriptive  of  (1.)  Clathroddctyon  and  Hyalo- 
neiHa  (?),  but  why  the  latter  should  be  regarded  as  a  Rhizopod  is 
not  dear ;  (2.)  Heliolttes,  Plasmapora,  Propora,  Finacopora,  Haly- 
sites,  and  Favoaites,  among  the  Tabulate  Corals  ;  (3.)  Staurocephalus, 
Oydopyge,  Trinucletu,  Dionide,  and  AgnostxUy  among  the  Crustacea ; 
with  (4.)  the  cirripedal  Turrilepaa,  See  also  Geol.  Mag.  No.  177,  p. 
135  ;  and  No.  189,  p.  139. 

These  additions  are  chiefly  based  on  a  large  amount  of  new 
material  collected  by  Mrs.  Gray  and  others  in  the  Girvan  district ; 
and  are  partly  due  to  information  accruing  in  the  course  of  the  work. 

llie  printing  and  paper  are  of  the  first  quality,  and  the  plates  are 
also  godl.  An  index  to  the  first  volume,  now  completed,  is  given  in 
this  Fasciculus ;  and  great  credit  is  due  to  the  authors  for  these  good 
results  of  their  persistent  and  enthusiastic  labour,  supported  by  a 
Royal  Society  Government  Grant. 


n. — Revue  de  GIioloqie,  pour  les  annIies  1877  et  1878.      Pab 
MM.  Delesse  et  De  Lapparent.     (Paris,  F.  Savy,  1880.) 

FROM  the  preface  to  the  sixteenth  volume,  it  would  appear  that 
this  useful  publication  will  now  be  brought  to  a  close.  During 
sixteen  years,  under  the  able  editorship  of  M.  Delesse  associated  with 
M.  Langel  in  the  first  three  numbers,  and  with  M.  de  Lapparent  in 
the  continuation  (vols.  4  to  16),  this  work  has  contained  a  concise 
account  of  the  contents  of  the  numerous  papers  connected  with 
geology,  and  the  allied  sciences,  during  that  period.  The  present 
volume  records  the  progress  of  geology  during  the  years  1877-78, 
and  like  the  preceding  ones,  the  subjects  are  arranged  under  five 
Wis :  Physiographic,  Lithological,  Historical,  Geographic,  and 
Dynamic  Geology. 

Among  the  various  papers  collated,  special  attention  has  been 
given  to  the  new  researches  on  lithology,  metamorphism  and  the 
analysis  of  rocks,  as  also  to  agricultural  geology.  The  sixteen 
volumes  will  form  a  very  important,  if  not  an  indispensable  work 
of  reference  for  the  geologist,  in  which  the  authors  have  endeavoured 
to  continue  the  useful  work  of  M.  d'Archiac,  by  giving,  year  by 
year,  the  principal  facts  bearing  on  the  progress  of  the  science. 

J.  M. 
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I.~Jan.  19, 1881.^Bobert  Ethericlge,  Esq.,  F.B.a,  PreBident^  in 
the  Chair. — ^The  following  oommanioatioDB  were  read : — 

1.  *'  Farther  Notes  on  Uie  Family  DioBtaparid^,  Bosk.**  ^  G.  B. 
Vine,  Esq.  Communicated  by  Prof.  P.  Martin  Dunoan,  H.B.  Lond., 
F.R.S.,  F.G.S. 

In  continuing  his  review  of  the  family  of  the  DiaBtcporidOf  the 
author  stated  that  upon  the  question  of  the  dasaification  of  the 
Polyzoa  he  is  inclined  to  accept  the  views  recently  published  by  thA 
Bev.  T.  Hincks,  in  preference  to  the  earlier  one  enaninaled  bj  Px€t 
Busk.  He  now  described  the  forms  found  in  the  Lias  and  Oolite^ 
including  IXaatopora  sfromaloporMbi,  Viae  (=:lMtiMa,  Qoenat), 
D.  ventrieoaaf  Vine,  2).  oolitica,  Vine,  D.  ericopora^  Vine. 

The  author  then  proceeded  to  argue  against  the  inclusion  of  the 
foliaoAous  forms  in  the  genus  Diaftopora,  and  oonduded  by  giving 
a  definition  of  the  genus,  as  now  limited  by  himselfl 

2.  "  Further  Notes  on  the  Carboniferous  FenestellidsB.''  By  G. 
W.  Shrubsole,  Esq.,  F.G.S. 

The  author  pointed  out  the  discrel^anoies  in  the  descriptions  given 
by  Lonsdale,  Phillips,  M'Coy,  and  King  of  the  genus  Fenestella,  as 
represented  in  the  Silurian,  Devonian,  Carboniferous,  and  Permian 
formations  respectively.  He  then  proposed  a  new  definition  of  his 
own,  and  described  the  following  species : — F.  plebeian  M*Coy, 
F.  membranaceaj  Phil.,  F.  nodulosa,  PhiL,  F,  polyporata,  Phil.,  F. 
craaaa,  M'Coy,  F,  halkinensis,  sp.  nov. ;  and  in  conclusion  he  pointed 
out  that  the  few  species  to  which  he  has  reduced  the  Carboniferous 
Fenestella  find  their  representatives  in  the  North- American  continent, 
only  one  really  new  form,  F,  Norvooodiana,  having  been  described 
tliere. 


IL— February  2,  1881.— Robert  Etheridge,  Esq.,  F.B.S.,  Presi- 
dent, in  the  Chair. — The  following  communications  were  read:— 

1.  "  On  the  Coralliferons  Series  of  Sind,  and  its  connexion  with 
the  last  Upheaval  of  the  Himalayas."  By  Prof.  P.  Martin  Duncan, 
M.B.  Lend.,  F.R.S.,  F.G.S. 

This  communication  is  the  result  of  the  author's  study  and  de- 
scription of  the  fossil  corals  of  Sind,  undertaken  at  the  request  of 
the  Geological  Survey  of  India.  The  history  of  the  researches  in 
Uie  geology  of  the  Tertiai-y  deposits  of  Western  Sind  was  noticed  in 
relation  to  a  statement  made  some  years  since  by  the  author  and 
Mr.  H.  M.  Jenkins,  F.G.S.,  that  there  was  more  than  one  Tertiary 
series  there,  in  opposition  to  both  D'Archiac  and  Haime. 

After  a  brief  description  of  the  geology  of  the  Ehirthar  and  Laki 
ranges  of  hills,  which  were  called  Hala  Mountain  by  the  French 
geologists,  the  succession  of  the  stratigraphical  series  demonstrated 
by  the  survey  under  Blanford  and  Fedden  was  given,  and  the  author 
proceeded  to  discuss  the  peculiarities  of  the  six  coral  faunas  of  the 
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c^rea,  and  to  argae  upon  the  oonditions  which  prevailed  during  their 

^ziBtenoe.     A  transitional  fauna,  neither  Cretaceous  nor  Eocene, 

Yinderlies  a  trap  :  to  the  trap  suooeeds  a  great  development  of  Num- 

mnlitio  beds,  containing  corals,  the  Banikot  series,  some  of  which 

Are  gigantic  representatives  of  European  Nummulitic  forms.   A  third 

'fiuna,  the  Khirthar,  succeeds,  and  a  fourth,  Khirthar-Nari,  which  was 

a  reef-building  one ;  and  a  fifUi,  the  Nari,  is  included  in  the  Oligo- 

cene  age.     An  important  Miocene  coralliferous  series  (the  Qaj)  is  on 

the  top  of  all.    These  faunas  above  the  trap  are  Nummulitic,  Oligo- 

oene  and  Miocene  in  age,  and  in  the  first  two  European  forms, 

which  are  confined  to  definite  horizons,  are  scattered  indefinitely 

in  a  vertical  range  of  many  thousands  of  feet.    The  corals  gcew  in 

shallow  seas,  but  most  of  tiiem  were  not  massive  limestone  builders, 

but  there  were  occasional  fringing  reefs,  or  rather  banks  of  com- 

eand  forms,  which  assisted  in  the  development  of  limestones, 
uiy  genera  of  corals,  which  elsewhere  are  massive,  are  peduncu- 
late in  Sind,  and  the  number  of  species  of  the  family  Fungidas  is 
considerable.  There  are  also  alliances  with  the  Eocene  coral  fauna 
of  the  West  Indies. 

The  depth  of  the  coraHiferous  series  and  the  intercalated  unfossil* 
iferons  sandstones,  eta,  is,  according  to  the  Survey,  14,000  feet, 
without  counting  an  estimated  6000  feet  of  unfossiliferous  strata  in 
one  particular  group.  The  subsidence  has  therefore  been  vast,  but 
not  always  continuous. 

After  noticing  the  numbers  of  genera  and  species  in  this  grand 
series  of  coral  faunas  and  the  remarkable  distinctness  of  each,  the 
author  proceeded  to  discuss  the  second  part  of  his  subject.  When 
President  of  the  Society,  he  had  stated  in  his  Anniversary  Address 
for  1878,  that  he  was  not  convinced  of  the  tnith  of  the  theory  of 
the  Geological  Survey  of  India  regarding  the  Pliocene  age  of  the  last 
Himalayan  upheaval.  The  considerations  arising  from  the  position 
of  a  vast  thickness  of  sedimentary  deposits  overlying  the  Gaj  or 
marine  Miocene,  and  containing  Amphicyont  MastodoUy  Dinotherium, 
and  many  Artiodactyles  of  the  supposed  pig-like  ruminant  group, 
lead  to  the  belief  that  the  author  was  not  justified  in  opposing  the 
theory  enunciated  by  Lydekker  and  the  Directors  of  the  Survey. 
The  position  of  these  Manchhar  strata  on  the  flanks  of  the  mountain 
Bystem  of  Sind  was  compared  with  that  of  the  sub-Himalayan 
deposits.  The  faunas  were  compared,  and  the  Sewalik  deposits, 
the  equivalents  of  the  Upper  Manchhar  series  of  Sind,  were  pro- 
noanced  to  be  of  Pliocene  age.  They  were  formed  before  and 
daring  the  great  upheaval  of  the  Himalayas,  and  in  some  places 
are  covered  with  glacial  deposits. 

A  comparison  was  instituted  between  these  ossiferous  strata  and 
the  beds  of  Eppelsheira  and  Pikermi,  and  the  author  discussed  the 
question  relating  to  the  age  of  terrestrial  accumulations  overlying 
marine  deposits. 

2.  "On  two  new  Crinoids  from  the  Upper  Chalk  of  Southern 
Sweden."  By  P.  H.  Carpenter,  Esq.,  M.A.  Communicated  by 
Prof.  P.  Martin  Duncan,  M.B.  Loud.,  F.R.S.,  F.G.S. 
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Stem-joints  of  a  Crinoid  resembling  those  of  BourgwiieTiwu  have 
lon^r  been  known  in  the  Planerkalk  of  Streben  (Elbe) ;  but  on  the 
discovery  of  the  calyx  it  was  found  to  differ  considerably  from  that 
genus.  It  was  then  referred  to  the  genus  Antedon  by  Prof.  Gteinits. 
Steins  also  resembling  BourgneticrinuB  have  been  found  in  the  Upper 
Chalk  of  Kopiuge  (S.  Sweden),  and  a  calyx  resembling  that  de« 
scribed  by  Prof.  Greinitz  has  also  been  found.  Prof.  Lundgren 
kindly  entrusted  this  to  the  author  for  description. 

For  these  two  fossils  he  considers  not  only  a  new  genus  but  also  a 
new  family  required.  He  proposes  for  the  former  the  name  Meso^' 
criuuSj  as  the  characters  of  its  calyx  ally  it  to  the  Pentacrinidsa. 
The  author  describes  the  characteristics  of  the  genus  Mesoerinus 
and  of  the  species  M.  suecica  (the  Swedish)  species,  and  its 
differences  from  M.  Fischeri  (from  Streben),  and  discusses  the 
relationships  of  the  genus,  which  combines  the  characters  of  a 
Pentacrinus  osAjx  with  a   Bonrguettcrinu8'Stem, 

A  new  species  of  Comatula  {Antedon  impreaaa)  from  the  Ignaberga 
Limestone  of  Scania  was  also  described,  and  its  systematic  position 
discussed. 

Dr.  Otto  Hahn,  of  Heutlingen,  exhibited  a  large  series  of  Micro- 
scopic sections  of  Meteorites,  in  explanation  of  which  the  following 
remarks  were  addressed  to  the  President  and  Fellows  present : — 

*'  Dr.  Hahn,  in  inviting  you  to  examine  the  microscopical  speci- 
mens of  meteorites  which  he  has  prepared,  and  in  order  to  assist  you 
in  determining  the  character  of  the  forms  and  structures  which  you 
will  find  exhibited  in  them,  desires  to  present  a  short  summary  of 
the  negative  considerations  which  forbid  that  such  structures  should 
be  classed  among  crystalline  forrms. 

'*  As  is  well  known,  the  chondrites,  the  species  of  meteorites  from 
which  his  specimens  are  prepared,  consist,  besides  the  metals  which 
they  enclose,  of  the  minerals  enstatite  and  olivine. 

''In  his  w(irk  on  the  meteorites  and  their  organisms,  lately  pub- 
lished, Dr.  Hahn  has  given  photographs  of  130  different  forms  and 
structures.  Now  if  these  structures  are  crystalline,  the  two  minerals 
in  question  would  present  themselves  in  at  least  130  different  forms 
and  structures,  although  the  absence  of  all  structure  is  recognized  as 
a  fundamental  principle  of  the  theory  of  minerals. 

''  Again,  the  structures  exhibited  by  the  chondrites  cannot  be  due 
to  slaty  cleavage,  since  olivine  has  no  slaty  cleavage,  and  that  of 
enstatite  and  of  other  minerals  does  not  appear  under  the  micro- 
scope, or  else  presents  itself  there  under  totally  different  forms. 

*'  The  greatest  importance,  however,  is  to  be  attached  to  the  total 
ahseuco  of  all  polarized  light  exhibited  by  the  two  minerals  as  occur- 
ring in  the  meteorites.  The  contained  forms  and  structures  do  not 
polarize  the  light  at  all,  or  only  very  feebly,  although  the  same 
minerals,  under  ordinary  circumstances,  polarize  light  very  strongly. 
The  absence  of  all  aggregate  polarization  is  especially  noticeable,  as 
proving  that  these  objects  are  not  aggregates  of  crystids. 

*'  Should  we  still  feel  inclined  to  regard  the  enclosures  as  mineral 
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forms,  and  not  as  organisms,  we  must  be  struck  by  the  utter  absence 
of  all  crystalline  forms,  especially  in  those  very  minerals  which 
always,  and  occasionally  also  in  meteorites,  appear  in  a  crystallized 
form. 

"Farther,  the  external  forms,  and  consequently  the  outlines  of 
the  enclosures,  harmonize  so  perfectly  with  their  internal  form  and 
structure,  that  we  cannot  entertain  the  idea  that  these  enclosures 
had  been  rolled  about  and  ground  down  before  they  became  finally 
imbedded  in  the  chondrites. 

"  The  idea  of  an  aggregate  of  crystals,  if  still  looked  upon  with 
favour,  would  be  contradicted  by  the  fact  that  the  enclosed  balls 
or  globes  are  all  constructed  excentrically,  whereas  all  terrestrial 
crystallites  are  formed  concentrically." 


♦ 

STROMATOPOKA  AND  CAUNOPORA. 

Sib, — In  tbe  August  (1880)  Number  of  the  Gsologioal  J^agazine, 
which  owing  to  some  error  of  transmission  has  come  to  hand  only  a 
few  days  ago,  I  observe  an  interesting  paper  by  Dr.  F.  Hoemer,  on  the 
relation  sometimes  observed  between  the  growth  of  Stromatopora 
and  tubular  corals ;  and  which  in  some  formations  in  this  country 
is  80  common  as  to  have  been  regarded  as  a  sort  of  "  commensal  ism." 
I  have  referred  to  these  cases  in  my  paper  on  Stromatoportda  in  the 
Journal  of  the  Geological  Society  for  February,  1879,  as  well  as  to 
other  perforations,  probably  due  to  the  operations  of  some  boring 
animal.  While,  however,  some  specimens  of  these  kinds  may  have 
been  referred  to  the  genus  Caunoporay  it  would  be  unfortunate  if 
palaeontologists  should  suppose  that  all  the  fossils  of  that  genus  are 
of  the  character  in  question.  It  will  be  seen  by  reference  to  the 
paper  above  cited,  that  such  Caunopora  as  my  C.  Hxtdsonicay  as  well  as 
C,  incrustans  and  C.  planulatumy  Hall,  not  only  have  vertical  canals 
which  are  essential  parts  of  their  structure,  but  that  these  canals 
send  forth  radiating  tubes  into  the  substance  of  the  thickened  lamina). 
Of  the  Stromatoporida  with  such  vertical  canals  there  are  two  types, 
which  I  have  referred  respectively  to  the  genera  Caunopora  of 
Phillips,  and  Ccenostroma  of  Winchell :  the  former  having  single 
vertical  tubes,  the  latter  groups  of  such  tubes.  In  America  both 
genera  begin  in  the  Miagara  formation  and  extend  upward  to  tbe 
Chemung,  or  from  the  lower  part  of  the  Upper  Silurian  to  the 
upper  part  of  the  Brian  or  Devonian.  J.  W.  Dawson. 

Mc6iLL*s  College,  Montreal. 

ON  CERTAIN  CASES  OF  THE  OUTCROP  OF  STRATA. 

Sib, — As  the  Rev.  0.  Fisher's  allusions  to  Spherical  Trigonometry 
in  your  January  Number  may  sadly  perplex  many  accomplislied 
geologists,  who  have  not  made  a  special  study  of  higher  mathe- 
matics, I  venture  to  enclose  a  simplified  explanation  of  his  results. 

^Tst,  as  regards  the  delineation  of  cylindrical  surfaces  exposed 
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in  plane  leotionB,  the  ordinary  rule  of  '  foraihortening,'  ai  tught  in 
all  Sohoola  of  Art,  will  amply  niffioe. 

I  have  foand  in  praotioe  that  a  ahadow  oaat  by  mnliKht  on  m  ftpn 
properly  indined  giTea  the  tnie  reanlt  moat  aimply.-  It  ia,  howvw, 
worthy  of  remarlc  that  the  outorop  of  a  oylindncal  atratnm  on  a 
plane  Burfaoe  oannot  differ  from  the  ootorop  of  a  plans  atistum  on 
a  cylindrical  hill,  or  in  a  hollow  c^liodiioal  valley ;  and  ia  tbenfbn 
redaoible  to  "  Sopwith's  modela." 

Next,  in  assuming  that  the  trul  oatorap  had  a  definite  dheotioa 
on  eitlier  side  of  the  railway  outtiug,  doea  not  Mr.  Fiahar  aaanma 
that  the  trail  lies  in  one  plane? 

Under  these  oiroamatanoea  a  atraigbt  rod  plaoed  at  the  one  out- 
crop parallel  to  the  other  outcrop  aatisfaotorily  determiaea  the  atriln 
and  dip  of  the  atratnm. 

Ah  regards  the  eqnalion  tan  ^  ^  com  J3  tan  at         (2) 

I  subjoin  a  short  proof. 

Let  A  B    CD  he  horiiontal  (strike)  lines  in  the  inolined  plana. 
B  E  vertioal,  C DEt,  homoatal  plane. 

Then  ^  BCE-  6 

BDE-a 

CED-fi 

Also   CD  E  ia  right  angle. 

Ti        .      ±      BE  _BEt!09fi 
Hence  tan  i^  -  —   ^—  '^ 


H.  G.  DAT,  M.A. 


THE  PBE-CAMBRIAN  ROCKS  OF  BRITAIN  AND  BOHEMIA. 
Sib,— In  Dr.  Callaway's  letter  on  this  subject  (Gkol.  Mag.  Feb. 
lt<Sl),  tliere  are  some  posSHges  which  are  to  my  mind  a  little  mie- 
leading  in  regard  to  tlie  Dimetian  rocks  at  St.  Davids.  The  main 
portion  of  the  group  consists  of  what  appears  tu  be  a  roaaaive 
granitoid  rock,  but  on  closer  examination  traces  of  foliation  are 
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abandant  Indeed,  throagboat  tbe  wbole  group  tbere  is  a  Bcbitftose 
character  developed,  so  tbat  in  oonsequenoe  the  most  massive  portions 
are  found  to  be  utterly  worthless  for  dressing,  either  for  building  or 
paving  purposes.  This  fact,  though  a  species  of  rough  evidence,  is 
fi)nnd  to  be  very  valuable  in  disting^hing  many  of  the  metamorphic 
rocks  from  those  of  igneous  origin.  In  the  latter  the  even  admixture 
of  the  constituents  and  the  regular  crystallization  enable  them  to  be 
readily  dressed  in  blocks,  whilst  the  former,  except  where  they 
consist  of  limestone  or  such-like  sediments,  are  seldom  sufficiently 
even  in  character  through  any  thickness  for  this  purpose.  Hence 
the  intrusive  granites,  greenstones,  and  various  lava  flows  are 
finequently  used  for  building  and  paving  purposes,  but  the  raetamor- 

thio  rocks  but  seldom.  The  term  gneissic  or  schistose  may  certainly 
e  applied  to  the  St  Davids  Dimetian  rocks  throughout,  but  perhaps 
more  especially  to  the  middle  portion  of  the  group,  seen  in  the 
valley  between  the  Camp  and  Ponthdaish.  Here  the  beds  are 
usually  less  massive  than  at  the  base,  or  in  the  upper  or  more 

rrtzose  portion,  and  on  very  slight  weathering  the  foliated 
racter  is  very  marked.  Thin  lines  of  nearly  pure  white  felspar 
are  also  common,  and  a  tolerably  clear  gneissic  appearance  ex- 
hibited. 

It  must  not  be  expected  that  in  these  attempts  at  correlation 
anything  like  an.  absolute   identity  in  character  can  be  found  in 
different  areas.     Certain  general  resemblances  in  mineral  character, 
combined  with  the  physical  evidences  indicative  of  contemporaneous 
deposition,  are  all  we  can  expect,  especially  if,  as  I  presume,  I  may 
take  for  granted,  that  most  will  now  allow  that  these  metamorphic 
rocks  must  have  had  at  first  an  aqueous  origin,  and  were  deposited 
in  successive  layers  of  various  materials  like  the  alternating  sedi- 
ments found  in  more  recent  groups.     If  we  examine  closely  any  of 
the  unaltered  groups,  capable  of  being  correlated  by  their  fossils,  we 
readily  recognize  some  general  mineral  resemblances  over  very  con- 
siderable areas,  and  Mr.  Marr  has  particularly  referred  to  some  of 
these  in  his  very  excellent  and  highly  suggestive  paper.     But  there 
are,  on  the  other  hand,  many  minor  differences,  and  this  is  especially 
the  case  where  the  sediments  have  been  depositecl  in  rather  shallow 
water.     For  instance,  the  Harlech  group  at  St  Davids  and  in  the 
Harlech  mountains   is  mainly  composed  of  sandstones,  whilst  in 
Carnarvonshire  it  consists  chiefly  of  slates,  and  in  the  north-west  of 
Scotland  of  conglomerate  and  grits.      Now  if   we  suppose,  as  I 
believe  was  the  case,  that  the  Dimetian  group  was  chiefly  deposited 
in  shallow  water,  the  differences  so  well  marked  in  the  unaltered 
rocks  of  the  Harlech  group  are  exactly  those  which  would,  under 
the  influence  of  metamorphism,  produce  a  massive  granitoidite  atone 
place,  a  quartzose  gneiss  or  micaceous  schist  at  another,  and  yet  a 
general  resemblance  indicating  the  prevalence  of  tolerably  similar 
physical  conditions  at  the  time  would  be  retained  in  tbe  gi*oup  in 
«acharea. 

On  these  considerations  I  think  Mr.  Marr  was  fully  justified  in 
clstting  the  quartzose  gneisses  of  Bohemia  with  the  Dimetian  rather 
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than  with  any  otber  knawn  Emnopeui  Fre-Cambrian  ipronp; 
especially  as  he  fonnd  them  OTerlaid  onocmfomiably  by  rooks  similiir 
to  those  foand  in  the  Pebidian  group.  Oertunly  fhnm  his  descrip- 
tions they  oonld  not  be  olaaeed  with  Ae  dark  homblendio  and  red 
gneisses  which  the  Scotch  geologiste  have  mTariably  claimed  to  be 
characteristic  of  the  Hebrideaa  or  Lewisian  group.  Moreover,  the 
▼ery  fact  that  most  of  the  gneisses  in  the  central  highlands  wert 
found,  like  the  Dimetian  of  Wales,  to  be  highly  qnartzose  in 
character,  formed  one  of  the  chief  stimibling-blocks  to  their  being 
recognized  as  of  Pre-Cambrian  age :  even  Niool  found  this  a  difficulty. 
Ifow,  however,  since  the  Dimetian  rodcs  in  Wales  have  been  recog- 
nised, this  need  ofler  no  difficult  in  future,  and  I  feel  convinced 
that  ere  long  the  Dimetian  amd  Pebidian  groups  will  be  as  easily 
separated  fmn.  one  another  even  in  Scdtland  as  has  been  the  case 
now  in  Bohemia  through  Mr.  Harris  researches. 
Hhwdow,  KIW.,  JM.  7, 1881.  H.  HiOKS. 


DISTUBBANCES  IN  THS  CHALK  OF  KORFOLK. 

Sib, — ^I  am  indebted  to  Mr.  H.  B.  Woodward  for  pointing  out  thai 
Hr.  J.  E.  Taylor  was  subsequently  inclined  to  suggest  a  different 
age  and  cause  for  the  disturbance  at  Whitlinghcmi.  This  had 
escaped  my  notice,  but  supposing  that  Mr.  Taylor's  later  view,  now 
endorsed  by  Mr.  Woodward,  is  correct,  it  does  not  follow  that  all 
disturbances  of  the  Chalk  in  Norfolk  are  due  to  the  same  cause, 
The  passage  of  ice  has  no  doubt  disturbed  and  broken  up  the  Chalk 
in  many  places ;  but  I  still  submit  that  it  is  difficult  to  conceive  of 
any  mrface  agency  being  capable  of  producing  such  a  sharp  con- 
tortion in  a  solid  scar  of  chalk  like  that  at  Trimmingham. 

A.  J.  Jukss-Bbownk. 
HiOHOATB,  Feb,  4. 

8HBINKA0E  FISSURES. 

Sib, — I  would  direct  the  special  attention  of  geologists  to  the 
chasms  due  to  the  subsidence  in  Cheshire ;  of  whidi  an  excellent 
sketch  recently  appeared  in  the  Chnxphie,  From  these  shrinkage 
fissures  we  learn  hew  gorges  or  canons  can  be  made  without 
denudation—  because  if  such  a  small  thing  aa  the  vacancy  in  a  sail 
mine  produces  snch  marked  results,  how  much  greater  must  be  thi 
results  from  vacancies  caused  by  vulcanicity  and  other  natural 
phenomena?  The  sketch  has  an  aspect  very  similar  to  some  o: 
the  maps  of  canons  in  Dr.  Hayden's  magnificent  reports. 

G.  H.  EiNAHAN. 


Wk  regret  to  record  the  death  of  two  well-known  and  highly 
esteemed  geologists,  namely : — Dr.  J.  J.  Bigsbt,  F.R.S.,  F.G.S. 
and  Prof.  James  Tennant,  F.G.S.  Notices  of  these  veterans  will  b 
given  next  month. 


n.  SllURIAB  BRACmoPODK 
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(PLATE  V.) 
I.  Waldhetmia  f  Mawei,  n.  sp.     PI.  Y.  Figs.  7,  8. 

SHELL  small,  marginally  eob-pentagonal,  longer  tban  wide, 
strught  or  sliglitly  indented  in  front.  Dorsal  valve  laterally 
gently  ooaves,  longitudinally  conoave,  with  a  small  median  rib  coro- 
menoing  at  about  the  middle  of  the  valve,  and  widening  as  it  neara 
the  fronL  Ventral  valve  very  convex  and  keeled  along  the  middle 
or  divided  longitudinally  by  a  groove  commencing  at  about  half  the 
length  of  the  shell  and  extending  to  tbe  front.  Beak  xmall,  incurved, 
foramen  minute,  beak  ridgea  strongly  marked.  Surface  of  valves 
smooth.  In  the  interior  of  the  doreal  valve,  under  the  hinge-plate, 
a  slightly  elevated  longitudinal  septum  or  ridge  extends  to  within 
a  short  distance  of  the  frontal  margin.  To  tlie  biugo-plate  are 
le  IT  attached  the   principal  stems  of 

the  loop,  which,  after  giving  off 
crural  proceaseM,  extend  to  with- 
in a  short  distance  of  Ihe  front, 
I    where  they  become  reflected  so 
I   as  to  fovm  the  loop.     Length  2, 


is  Bitiall  shell  was  pro- 
cured in  some  abundance  from  the 
washingsof  the  "  Tick  woo  JBeds," 
or  Upper  Wenlock  Shales,  from 
under  railway  bridge  at  Farley 
WaUMmiaMauei.DnT.  B«:eU>pedby  Dingle,  also  from  the  upper  part 
a«.  N.  Qlau.  pf    ^^g   Wenlock    Shale,    below 

limestone,  water  course,  under  Bentball  Edge,  and  opposite  Iron- 
bridge  in  Sliropshire. 

Having  placed  in  the  hands  of  the  Rev.  Norman  Glass  a  number 
of  specimena  filled  with  a  light-coloured  semi-transparent  spar, 
lie  was  able,  after  much  trouble  and  patience,  to  develope  tbe  loop  in 
Mveral  spedmens,  and  in  tbe  clearest  possible  maimer,  and  so  like 
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m  general  character  is  this  loop  to  that  of  Waldheimia  that  I  have 
provisionally  placed  it  with  that  genus.  Exteriorly  this  small 
species  bears  so  mach  general  resemblance  to  some  forms  of 
CentronelUif  and  in  particular  to  C  Hecate,  Billings  (Canadian 
Journal,  May,  1861,  p.  63),  that  previously  to  having  been 
made  acquainted  with  its  loop  1  had  placed  the  new  English 
species  in  Billings*  genus.  CentroneUa  is  described  by  Prof.  J. 
Hall  (Sixteenth  Annual  Report  of  the  Begents  of  the  University  of 
New  York,  p.  45,  1868)  as  consisting  of  two  delicate  riband-like 
lamellae,  which  extend  to  about  half  the  length  of  the  dorsal  valve. 
"  Tliese  lamellad  at  first  curve  gently  outwards,  and  then  approach 
each  other  gradually,  until  at  their  lower  extremities  they  meet  at 
an  acute  angle ;  then  becoming  united,  they  are  reflected  Ix^kwards 
towards  the  beak  in  what  appears  to  be  a  thin  flat  vertical  plate." 
Now  our  small  species  does  not  show  these  characters,  for  in  all  the 
specimens  developed  by  the  Rev.  N.  Glass  the  extremities  of  the 
principal  stems  do  not  converge  so  as  to  become  united  at  their 
lower  extremities,  but  are  wide  apart,  and  instead  of  extending  to  only 
half  the  length  of  the  shell,  are  prolonged  to  within  a  short  distance 
of  the  frontal  margin.  The  loop  is  not  therefore  that  of  CentroneUa 
as  described  by  Billings  and  Hall.  The  genus  Waldheimia  had  not 
hitherto  been  quoted  as  far  down  as  the  Upper  Silurian.  Terebratula 
and  CentroneUa  had  been  so,  and  we  now  know  that  species  with 
short  and  long  loops  commence  to  appear  in  the  Upper  Silurian 
period. 

2.   Waldheimia  f  Olaaaei,  n.  sp.     PI.  V.  Fig.  6. 

Shell  small,  sub-pentagonal,  broadest  posteriorly,  slightly  truncated 
in  front.  Dorsal  valve  slightly  convex,  curving  rather  abruptly  at 
the  lateral  margins,  with  a  median  longitudinal  groove  or  depression; 
commencing  about  half  the  length  of  the  shell,  and  extending  to  the 
front,  beak  incurved,  truncated  by  a  small  foramen,  hinge-ridges 
well  defined,  surface  of  valves  smooth,  marked  by  concentric  lines 
of  growth.     Length  3,  breadth  3,  depth  2  lines. 

Oha. — About  fifteen  examples  of  this  species  were  obtained  by 
Mr.  Maw  from  the  washings  of  some  seven  tons  weight  of  Build  was 
Lower  Wenlock  Shales.  All  the  specimens  procured  were  of  about 
the  same  dimensions,  none  exceeding  the  measurements  above  given. 
Only  very  few  of  them  were  in  a  perfect  state  of  preservation,  and 
none  were  in  a  suitable  condition  for  Mr.  Glass's  operations, 
consequently  all  his  endeavours  to  develope  its  interior  characters 
proved  unsuccessful.  It  is  a  rather  larger  shell  than  Waldheimia  ? 
Mawety  but  bearing  some  resemblance  to  it  in  external  shape ;  tliis 
has  prompted  me  to  leave  it  provisionally  with  that  genus.  Perhaps 
it  may  possess  the  interior  characters  of  CentroneUa^  and  it  will  be 
very  desirable  to  procure  specimens  suited  to  Mr.  Glass's  operations. 

8.  Atrypa  reticularis,  Linne  sp. 

At  p.  9  of  this  paper  I  alluded  to  the  interior  characters  of  this 
abundant  species.     Having,  thanks  to  Mr.  Maw's  liberality,  been 
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able  to  examine  upwards  of  eight  thousand  specimens  of  the  species 
from  the  Wenlock  and  Ludlow  rocks  of  Shropshire,  I  have  ascer- 
tained how  much  it  varies  in  shape,  and  especially  so  at  different 
itages  of  growth.  The  smallest  or  youngest  examples  measured  not 
much  more  than  half  a  line  in  length  and  breadth,  and  every  stage 
was  obtained  up  to  shells  measuring  one  inch  and  a  half  in  length 
and  breadth.  When  quite  young  the  dorsal  valve  is  flat  or  nearly 
so,  with  a  strongly-marked  longitudinal  mesial  depression;  this 
lame  valve  with  age  becomes  gradually  more  and  more  convex 
or  gibbous,  and  loses  gradually  all  traoe  of  the  longitudinal 
depression. 

The  front  line  is  also  either  straight  or  more  or  less  curved 
npvrards,  so  much  so  that  many  specimens  show  in  the  dorsal  valve 
a  well-developed  mesial  fold,  with  a  corresponding  sinus  in  the 
Tontral  one.  The  ribbing  varies  also  to  a  very  considerable  extent 
in  different  specimens.  In  young  individuals  the  ribs  are  few  in 
number,  and  in  this  condition  it  much  approaches  in  shape  and 
character  to  similar-sized  examples  of  Atrypa  Barrandi.  The 
number  of  ribs  seems  also  to  increase  rapidly  with  age.  Some 
specimens  with  very  convex  dorsal  valves  are  covered  with  numerous 
fine  radiating  ribs,  while  others  of  the  same  size  show  a  much 
imaller  number,  and  these  more  coarse  and  prominent  The 
ooncentrio  lines  or  squamose  ribs  due  to  growth  are  also  much 
stronger,  closer,  or  more  wide  apart  in  some  individuals  than  in 
others,  still  all  these  individuals  are  linked  one  to  the  other  by 
gradual  passages.  Feeling  anxious  to  ascertain  whether  there 
existed  interiorly  any  gradual  increase  in  the  number  of  spiral 
coils  from  the  young  up  to  the  adult  condition,  1  placed  in  the 
hands  of  the  Rev.  N.  Glass  a  number  of  well-preserved  specimens 
at  different  stages  of  growth,  and  some  of  which  he  kindly  developed 
with  his  usual  ability,  and  he  was  soon  able  to  show,  and  in  the 
most  distinct  manner,  that  the  number  of  coils  in  each  of  the 
vertical  spiral  coils  increased  with  the  growth  of  the  shell. 
In  a  specimen  measuring  four  lines  in  length  and  breadth 
there  were  only  five  convolutions  in  each  spiral  cone,  and  these 
specimens  much  resemble  those  of  Atrypa  Barrandi,  and  in  all 
probability,  if  not  certainly,  in  still  younger  specimens  Mr.  Glass 
would  have  found  not  more  than  three  or  four  coils. 

In  a  specimen  measuring  five  lines  in  length  he  found  six  coils, 
in  another  six  lines  in  length  seven  coils,  and  so  on  no  doubt  the 
increase  would  proceed  up  to  fifteen  convolutions  in  each  spiral — 
the  usual  number  found  in  full-grown  specimens.  Mr.  Glass  ascer- 
tained likewise  that  the  basis  of  the  spiral  cones  in  young  specimens 
vrith  flattened  dorsal  valves  is  not  level,  the  two  inner  sides 
of  the  principal  coils  being  slightly  higher  than  the  two  outer  sides, 
and  turned  towards  the  margin  of  the  shell — which  is  exactly  what 
we  have  described  and  represented  in  Atrypa  marginalis  and  Atrypa 
^arrandi,  the  dorsal  valves  of  which  are  also  nearly  or  quite  flat 
(flee  pp.  10  and  11  of  this  paper).  As  the  shell  grows,  and  the 
dorsal  valve  beoomes  more  convex,  the  basis  of  the  spirala  'b^om^^ 
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more  level,  and  the  spiral  oonea  more  elevated,  as  we  have  figured 
them  in  p.  9  of  this  paper.  The  principle  of  the  variation  of  shape 
in  the  spirals  of  certain  genera  and  species  of  the  Atrypida,  seems 
to  be  the  providing  of  such  a  form  of  spirals  as  should  allow  the 
greatest  length  of  coil  possible  in  the  interior  of  the  shell  ;  for 
example,  in  Glassia  ohavata  and  0,  elongata  the  ventral  valve  if 
anything  is  slightly  more  convex  than  the  dorsal,  and  consequently 
the  spirals  are  slightly  more  convex  on  the  ventral  side,  and  the 
length  of  the  coils  on  that  side  is  still  further  increased  by  the  notch 
or  indentation  on  the  ventral  slope  of  the  posterior  border  of  the 
spirals.  Again,  as  we  have  just  seen,  in  Atrypa  marginalist  A» 
Barratidi,  and  in  the  young  specimens  of  A.  retictdarit,  the  dorsal 
valve  is  nearly  or  quite  flat,  and  this  being  the  case  there  are  several 
differences  between  their  spirals  and  those  in  the  full-grown 
specimens  of  A,  reiictdaris,  the  dorsal  valve  of  which  is  ventricose. 
First,  there  are  a  fewer  number  of  spiral  coils,  but  to  allow  space 
even  for  these  some  changes  were  necessary  in  the  arrangement  of 
the  spirals,  and  therefore  the  principal  coils  instead  of  being  level 
are  slightly  higher  on  their  inner  than  on  their  outer  sides,  whilst, 
unlike  the  majority  of  the  full-grown  specimens  of  A.  reticularis,  the 
principal  coils  are  some  little  distance  apart,  and  the  ends  of  the 
spirals  bend  over  to  meet  each  other.  It  will  be  seen  at  once  that 
these  peculiarities  in  the  arrangement  of  the  spirals  (the  coils  being 
only  few  in  number)  make  them  on  their  dorsal  side  to  be  almost 
level,  and  suitable,  therefore,  to  the  interior  space  which  they  have 
to  fill. 

Through  the  kindness  of  Mr.  R.  P.  Whitfield,  Mr.  Glass  and 
myself  have  been  able  to  examine  the  only  developed  American 
example  of  Prof.  Hall's  Ccelospira  disparialis,  from  the  collection  of 
the  American  Museum  of  Natural  History,  New  York,  and  we  are 
able  to  assert  that  its  characters  and  spirals  are  so  exactly  similar  to 
tliose  of  Atrypa  Barrandi,  that  we  are  strongly  inclined  to  consider 
them  as  belonging  to  the  same  species,  and  both  as  referable  to 
Atrypa.  I  have  added  these  details  to  show  how  important  it  is  to 
study  the  gradual  development  of  a  species  from  its  youngest  to  its 
full-grown  condition. 

4.  Glassia  ohovata,  Sow.,  sp.     PI.  V.  Figs.  1,  2. 

Atrypa  obovata^  Sow.,  Sil.  sp.,  pl.  viii.  fig.  9,  1839. 

We  have  already  described  the  interior  and  character  of  this 
species.  It  is  variable  in  shape,  the  valves  being  nearly  equally 
and  uniformly  convex,  and  almost  circular,  llie  front  line  is 
straight  or  slightly  curved,  surface  smooth.  Length  6,  width  6^, 
depth  3  lines. 

Glassia  ohovata  is  not  an  abundant  species  in  Shropshire,  but 
some  good  examples  were  obtained  by  Mr.  Maw  from  the  Build  was 
Lower  Wenlock  shales. 

5.   Glassia  elongata^  n.  sp.     PI.  V.  Figs.  3,  4. 
Shell  small,  elongated  oval,  valves  very  gently  convex,  straight,  or 
slightly  rounded  in  front,  tapering  posteriorly,  broadest  anteriorly. 
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beak  Binall,  incurred,  snrfaoe  smootli.  In  the  interior  of  the  dorsal 
Valve  the  spirals  are  narrow  anteriorly,  bat  broader  on  the  posteiior 
nde,  and  Uie  principal  ooils  on  the  posterior  side  of  the  spirals  are, 
M  in  Qloitia  obovata,  slightly  notched  or  indented,  the  notch  or 
indentation  being  in  the  direction  of  the  end  of  the  spiral,  and 
oocapying  in  most  cases  the  whole  breadth  of  the  posterior  border. 
TiiB  posterior  border  of  the  spirals,  including,  of  coarse,  the  notch 
referred  to,  slopes  slightly  downwards  on  the  ventral  side  towards 
the  anterior  margin,  and  arising  from  this  the  notch  is  partly  seen  in 
the  Tentral  aspect  of  the  spirals.  This  slope  of  the  posterior  border 
of  the  spirals  also  aoooimts  for  the  upper  pari:  of  the  ooils  on  the 
ventral  side  being  more  depressed  and  less  oval  than  the  oorrespond- 
ing  MTt  of  the  coils  on  the  dorsal  side. 
I  here  append  a  restored  outline  sketch  of  the  arrangement  of  the 


Spiral  coih  of  Olattia  obovala, 
D  dorsal,  V  Tentral  aapiict. 

spiral  coils  in  Glatiia  obovala.  Fig.  18,  from  specimens  developed  by 
the  Rev.  N.  Glass.  The  dorsal  side  of  the  coils  in  each  spiral  cone 
is  somewhat  displaced  from  its  natural  position  in  order  to  show  the 
continuity  of  the  coils.  Fig.  19  shows  tliat  the  coils  are  not  cii'cular, 
bat  elongated  oval. 

6.  Meriitella  f  or  Alrypa  !  Mawei,  o.  sp.     PI.  V.  Fig.  5. 

Shell  almost  cironlar,  as  wide  as  long,  valves  moderately  convex ; 
ventral  valve  rather  the  deepest,  no  fold  or  sinus,  but  a  slight 
longitudinal  groove  divides  the  dorsal  valve  into  two  equal  lobes ; 
beak  not  much  produced,  with  a  small  circular  foramen.  Surface  of 
valves  marked  at  intervals  by  a  few  slightly  projecting  concentric 
ridges.     Length  6,  breadth  6,  depth  3  lines. 

Obg. — A  single  perfect  specimen  of  this  shell  was  found  by  Mr. 
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Maw  among  the  debris  from  the  old  Wenlock  limestone  quarries  at 
Benthall  Edge  in  Shropshire.  It  is  not  possible  to  determine  to 
what  genus  the  shell  snould  be  referred,  as  its  interior  characters 
have  not  been  ascertained,  and  it  was  not  considered  right  to 
sacrifice  the  only  specimen  known  in  the  attempt  to  discover  the 
character  of  its  spiral  appendages.  We  have  therefore  provisionally 
put  it  with  Meriatella, 

It  is  with  much  pleasure  that  I  name  this  new  species  after  its 
indefatigable  discoverer,  and  in  remembrance  of  the  great  labour  and 
liberality  with  which  he  has  assisted  me  in  getting  up  the  material 
for  this  communication. 

7.  Str^ttB  Orayii,  Dav.    PL  V.  Fig.  13. 
Atrypa  ?  Orayii,  Bar.,  8iL  Mon.  pi.  xiii.  figs.  14-22. 

In  1846  I  picked  up  two  or  three  examples  of  this  remarkable 
small  twisted  shell  at  Hayhead  near  Walsall,  and  described  and 
figured  it  in  1848  in  the  Bulletin  de  la  Soa  6eol.  de  France  under 
the  name  of  Terehratfda  Orayii,  In  1859  Baiter  (in  Siluria)  made 
of  it  a  Bhynchonella,  Lindstrom  in  1860  a  Spirigerina  ?  and  in  my 
Silurian  Monograph  I  provisionally  put  it  with  Airypa7  adding,  "my 
endeavours  to  procure  specimens  showing  the  internal  character 
have  proved  fruitless,  and  I  cannot  determine  exactly  the  genus." 
Knowing  little  or  nothing  of  its  interior  arrangements,  I  felt  ex- 
tremely puzzled  and  uncertain  as  to  the  genus  to  which  the  shell 
should  be  referred,  and,  as  justly  remarked  by  Prof.  James  Hall  at 
p.  38  of  the  16th  Annual  Report  on  the  State  Cabinet  of  Natural 
History  of  New  York,  "so  long  as  we  remain  unacquainted  with  the 
interior  of  the  shell,  we  are  compelled  to  refer  the  species  to  some 
genus  having  similar  forms,  though  the  fibrous  or  punctate  stinic- 
ture  may  in  many  instances  prove  a  valuable  aid  in  these  references.*' 
I  have  now  seen  upwards  of  one  hundred  and  forty  specimens  of  this 
remarkable  species,  and  every  individual  presented  exactly  the  same 
exterior  character,  and  which  I  have  described  and  represented  at  p. 
141  and  in  pi.  xiii.  of  my  Silurian  Monograph. 

Possessing,  thanks  to  Mr.  Maw's  great  liberality,  a  number  of 
good  examples,  I  sent  some  of  them  to  the  Hev.  Norman  Glass  to 
operate  upon,  and  after  many  experiments  on  perfectly  preserved 
specimens  filled  with  spar  and  suitable  to  his  operations  he  has 
informed  me  that  he  could  in  none  of  them  detect  the  slightest  trace 
of  any  calcareous  support  for  the  labial  appendages — not  the  trace 
of  a  loop  or  spiral  skeleton,  and  he  was  of  opinion  that  it  could  not 
be  referred  to  any  of  the  genera  into  which  it  had  been  provisionally 
located.  I  therefore  propose  provisionally  to  place  it  under  a  distinct 
genus,  and  have  selected  the  name  Streptis  (twisted),  all  the  specimens 
hitherto  discovered  having  presented  that  character.  No  calcareous 
support  for  the  labial  appendages,  cardinal  process  much  produced, 
liiuge- teeth  large  and  prominent. 

8.  Rhynchonella  cuneata,  Dal.  and  His.     PL  V.  Fig.  10. 

Sil.  Mon.  pi.  xxi.  figs.  7*11. 
Since   describing  this  well-known  species   at  page    164   of   my 
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Silurian  Monograph,  Prof.  J.  Hall  has,  at  p.  166  of  the  Twenty- 
Eighth  Annual  Report  of  the  New  York  State  Museum  of  Natural 
History  (1879),  proposed  a  new  genus,  Bhynchotretoe,  for  the 
reception  of  Dalman's  species,  and  which  he  characterizes  in  the 
foUowing  words  :— 

"  Shell  triangular,  surface  with  angular  plications,  ventral  beak 
straight,  produced  beyond  the  dorsal  beak,  extremity  perforate,  the 
foramen  with  an  elevated  margin ;  space  between  the  foramen  and 
the  hinge-line  occupied  by  a  deltidium  in  two  pieces,  being  divided 
by  a  longitudinal  suture,  and  transversely  striated.  Valves  articulated 
by  two  slender  curving  teeth,  proceeding  from  a  broad  curving 
hinge-plate  in  the  ventral  valve,  which  fit  into  corresponding  sockets 
in  the  dorsal  valve.  Crurad  rising  from  near  the  dorsal  beak  and 
curving  into  the  ventral  cavity,  and  thence  recurved  towards  the 
dorsal  side,  and  probably  uniting,  as  shown  in  fig.  4  (Fig.  11  of  our 
Plate).     Structure  fibrous  and  apparently  very  minutely  punctate." 

It  seems  quite  evident  that  Prof.  Hall  has  not  actually  seen  the 
short  Terebratula-shaped  loop  represented  in  his  restored  fig.  No.  4 
(Fig.  11  of  our  Plate),  for  he  says  in  his  description,  "  and  probably 
nniiing,  as  shown  in  fig.  4  " — and  in  the  explanations  of  his  fig.  4  he 
adds,  ''the  additional  features  of  the  loop  represented  in  this  figure 
have  not  as  yet  been  satisfactorily  determined.*'  In  order,  if 
possible,  to  ascertain  the  internal  character  of  this  species,  I  asked 
the  Rev.  Norman  Glass  to  develope  the  interior  of  several  well- 
preserved  specimens  of  Rh,  cuneata  from  the  Wenlock  Limestone  of 
Benthall  Edge,  and  all  of  them  showed  only  the  two  small  curved 
lamellae  not  attaining  a  third  of  the  length  of  the  dorsal  valve,  as 
in  Rhynchonella  proper.  In  no  instance  (lid  Mr.  Glass  discover  any 
indication  of  a  loop.  I  would  therefore  leave  Dalman*s  species  with 
Bhynehonella  until,  on  positive  evidence,  it  can  be  shown  to  be 
geuerically  separable. 

9.  Rhynchonella  Dayi,  sp.     PI.  V.  Fig.  9. 

Obtusely  deltoid  or  sub-pentagonal,  wider  than  long,  valves 
moderatelj'  convex,  and  divided  into  three  almost  equal  lobes. 
Ventral  valve  not  quite  as  deep  as  the  dorsal  one,  divided  by  a  broad 
well-defined  mesial  sinus,  beak  small,  showing  a  small  circular 
foramen  margined  by  a  deltidium,  surface  of  valves  ornamented  with 
some  fourteen  or  sixteen  angular  ribs,  of  which  four  form  a  well- 
defined  mesial  fold,  the  ribs  being  slightly  bent  upwards  at  the 
front,  lateral  margins  of  fold  wide  and  flat.  Length  5^,  width  6, 
depth  3^  lines. 

Obs. — This  small  species  is  well  distinguished  from  young 
specimens  of  the  same  a<;e  of  Rh.  horealis,  with  which  it  had  been 
confounded  by  its  less  triangular  shape,  as  well  as  by  the  ribs  of  its 
fold  being  bent  upwards  close  to  their  frontal  extremity.  In  size 
and  in  number  of  ribs  Rh.  Dayi  somewhat  resembles  small 
examples  of  the  Jurassic  Rh.  tetraedra. 

This  small  species  was  found  by  Mr.  George  Maw  in  the  Wenlock 
Limestone  of   Benthall  Edge,  as  well  as  in  the  Wenlock  Shales 
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underlying  the  limestone.     I  have  muoh  pleasure  in  naming  it 
after  the  Kev.  H.  G.  Day. 

10.  OrthtB  elegantulina,  n.  sp.    PI.  Y.  Fig.  12. 

Shell  small,  nearly  circular,  and  ahont  as  broad  as  long.  Dorsal 
valve  moderately  convex,  divided  longitudinally  by  a  sinus  of 
greater  or  lesser  depth.  Hinge  area  narrow.  Ventral  valve  deeper, 
and  more  convex  than  the  dorsal  one,  and  slightly  longitudinally 
keeled.  Hinge-line  shorter  than  the  breadth  of  shell,  beak  small, 
incurved,  area  triangular,  fissure  small.  Surface  of  both  valves 
marked  by  strong  raised  striee,  bifurcating  once  or  twice  as  they 
near  the  lateral  and  frontal  portions  of  the  valves.  Length  3, 
width  3,  depth  2  lines. 

Obs. — My  attention  was  first  drawn  to  this  small  species  at  the 
commencement  of  1880  by  Mr.  J.  F.  Walker.  It  is  a  much  smaller 
shell  than  Orthis  elegatUula,  and  more  circular,  its  beak  much  less 
incurved  and  of  smaller  proportions,  and  its  ribbing  or  striation 
comparatively  much  stronger  than  in  0.  eleganttila. 

0.  elegantulina  swarms  in  the  Lower  Wenlock  Shales  of  Build  was 
in  Shropshire,  and  is  less  abundant  in  the  Dpper  Wenlock  Shales. 

11.   Eichwaldta   Capewelli,  Dav.  sp.,   Sil.   Mon.   p.   193,   pi.    xxv. 

figs.  12,  15. 

Ever  since  I  first  described  this  beautifully  sculptured  shell  in 
1848,  I  have  felt  uncertain  whether  it  was  provided  with  spiral 
appendages.  I  consequently  placed  in  the  hands  of  Mr.  Glass 
a  number  of  well-preserved  specimens  filled  with  spar,  and  whicli 
had  been  obtained  by  Mr.  Maw  from  his  washing  of  Buildwas 
Lower  Wenlock  Shales.  After  many  expenments  not  the  trace  of 
a  spiral  coil  could  be  detected,  and  Mr.  Glass  arrived  at  the  con- 
clusion that  it  had  none. 

Prof.  J.  Hall  having  kindly  sent  me  several  well-preserved 
specimens  of  his  Eichwcddxa  reticulata^  I  am  convinced  that  it  is  the 
same  species  as  my  E,  Capewelli,  At  page  170  of  the  Twenty- 
Eighth  Report  of  the  New  York  State  Museum  of  Natural  History, 
Prof.  Hall  says,  "  Surface  of  the  shell,  except  a  small  place  on  the 
umbo  of  the  ventral  valve,  covered  by  fine  reticulate  markings  with 
elongate,  generally  hexagonal  pits  or  openings,  with  thin  and  sharp 
ridges  within  ;  these  markings  vary  in  different  specimens,  and  also 
in  different  parts  of  the  same  individual,  being  generally  finest  on 
the  cardinal  slopes.  The  small  triangular  space  near  the  ventral 
beak  whicli  is  destitute  of  marking  has  the  appearance  of  having 
been  exfoliated  ;  but  since  this  is  an  invariable  character  in  all  the 
individuals  examined,  varying  in  size  with  the  size  of  the  shell, 
it  is  probably  dependent  upon  organic  causes."  I'his  description  of 
the  shell  sculpture,  and  of  the  smooth  part  at  the  umbo  of  the  ventral 
valve,  is  exactly  what  we  find,  not  only  in  our  British  specimens, 
but  also  in  Swedish  ones;  and  in  pi.  2,  fig.  16,  of  his  "Fragmenta 
Silurica,"  Prof.  Lindstrom  gives  a  good  illustration  of  this 
j)ecnliarity. 
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12.  Strt^torh/tiehna  naaiiJinii,  Lmdatrom. 
Cyrtia  /  HsmU,  Du.,  Sil.  Hon.  p.  201,  pL  ut.  Sgi.  t,  2. 

For  s  long  time  maoh  DDoerUinty  lias  prevailed  with  respect  to 
the  geaoa  to  which  this  ramarkablo  epeoies  should  be  referred.  It 
was  in  1860  deaoribed  by  Prof.  LindBtrom  aa  a  Slrophomena,  bat  the 
fortnnata  diaoov«ty  of  perfect  interion  of  Swedish  examplea  has 
enabled  Prof.  Liudstrom  to  place  thia  shell  in  King's  geniin 
^epUtrliymckM:  Prof.  Lindstrom's  beautiful  figures  in  pi.  xvti.  of 
hii  work  "  Fragmenta  Silurica "  olear  up  all  nnoertainty  in  the 
matter.  This  little  shell  appears  atill  to  he  very  rare  in  Qreat 
Britain,  for  I  am  acquainted  with  four  specimens  only.  One  of 
these  was  fonnd  by  the  Rev.  H.  Q.  Day  in  the  Wenlook  Limestone 
of  Beathall  Edge,  another  in  the  same  limestone  at  Dudley,  and 
the  two  apecimens  have  been  liberally  presented  to  me  by  their 
discoverer. 

13.  Qentis  TJncitbs,  Defronce,  1828. 

For  many  years  past  I  have  been  on  the  look  oat  for  specimens  that 
wonld  clear  up  the  interior  oharaotera  of  Defranoe's  Devonian 
genua.  In  1863,  in  the  General  Introduction  of  my  work  nn 
"  British  Fossil  Brachiopoda."  1  described  and  figured  part  of  the 
interior  of  the  dorral  valve,  showing  the  lateral  pouoh-shaped 
cavities  opening  exteriorly,  as  well  as  the  attachments  to  the  binge- 
plate  of  the  principal  stems  of  the  spiral  appendages,  also 
indications  of  the  spiral  append i^s  from  a  specimen  which 
Prof.  Bey  rich  of  Berlin  was  so  fortunate  aa  to  discover  at 
Pttffrath,  and  which  was  brought  to  my  notice  by  Prof,  E.  Suess 
of  Vienna. 

In  1871,  Prof.  Qiienstedt,  in  pi.  43  of  the  Atlas  to  his  "Die 
Brachiopoden  "  (Petrefactenkunde  Deutschlnnd),  figures  spiral  coils 
ia  a  specimen  of  Unettet.     No  one,  as  far  as  I  am  aware  of,  seems  to 


20.  Specimens  of  Unciltt  gryphut  in  the  Imperial  Miueum  of  Tiemia. 

21.  Rotored  mienor  of  the  dorul  lalre.    a  cardinal  proceae ;  h  pnui^^A 
«f  (pink,  t wniwrtiny iMmella ,  Jtpizvia;  e  pouch-shaped eipoQUons. 
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have  desoribed  the  mode  in  whioh  the  spirals  were  oonnected. 
After  many  inquiries  in  different  directions,  Prof.  Zittel  informed 
me  that  he  believed  there  existed  in  the  Imperial  Museum  of  Vienna 
some  specimens  that  might  help  in  this  investigation,  and  ac- 
cordingly my  old  and  valued  friend  Prof.  Suess  at  once  kindly 
obtained  for  my  inspection  the  important  specimen,  Fig.  20,  and  in 
which  are  seen,  not  only  the  attachments  of  the  principal  stems  of 
the  spirals  to  the  hinge-plate,  but  likewise  their  connection  by  the 
means  of  a  curved  bridge-like  process,  and  which  connects  them  at 
about  half  their  length — small  portions  of  the  spirals  themselves 
being  also  visible. 

We  are  likewise  indebted  to  Mr.  A.  Champemowne  of  Partington 
Hall,  Totness,  not  only  for  the  discovery  of  the  first  British 
specimen  of  Uie  genus,  but  also  for  finding  a  specimen  showing 
the  cardinal  process,  which  in  Uneiies  gryphus  is  heart-shaped  and 
strongly  developed.  This  valuable  specimen  was  presented  to  the 
Albert  Memorial  Museum,  £xeter,  by  its  discoverer.  I  am  now, 
therefore,  for  the  first  time  able  to  offer  a  correct  restoration  of  the 
interior  of  the  dorsal  valve  (woodcut.  Fig.  21). 

Mr.  Champemowne  informs  me  that  in  addition  to  the  locality, 
Orchard  Quarry,  Dartington,  Mr.  P.  Vicary  has  obtained  two 
specimens  from  the  Chudleigh  Limestone  in  Devonshire.  We  still 
remain  unacquainted  with  the  shape  and  position  of  the  muscular 
impressions,  but  these  will,  in  all  probability,  be  some  day 
discovered. 

EXPLANATION  OF  PLATE  V. 

GUusia  obovatOf  Sow.  sp. 

ehngatOy  Dav.   The  interiors  of  the  yalves  or  spirals  ore  seen  as 

a  transparency. 
Meristella  1  Maweif  Day. 
Waldheitnia?  Glasteiy  Day. 

Maweiy  Day. 

Rhynchonella  Dayi,  Dav. 

ctmcata,  Dalman.     10  shows  two  short  curved  lamellae 

only,  as  developed  by  Rev.  N.  Glass.     11  is  taken  from  Prof.  Hallos 

restored  ii^e  in  p.  166  of  28th  Annual  Keport  of  the  New  York 

Museum  of  Natural  Ilistory. 
Orthis  ehgantulinay  Day. 
Streptis  Grayi,  Day. 


Fio. 

1-2. 

>» 

3-4. 

5. 

6. 

7-8. 

9. 

10-11. 

12. 
13. 

Note. — In  the  first  part  of  this  paper,  published  in  the  January 
Number,  I  stated  that  Mr.  Whitfield  '*  had  been  engaged  in  develop- 
ing the  spirals  and  their  connections  in  the  Palaeozoic  Brachiopoda, 
but  only  in  American  specimens,  and  principally  in  siliceous  shells 
or  in  shells  possessing  a  hard  limestone  matrix."  I  also  stated  that 
"Mr.  Glass's  operations  had  been  confined  almost  entirely  to  English 
specimens,  and  to  those  English  specimens  only  which  were  partly 
or  wholly  filled  with  spar."  In  my  Carboniferous  Supplement, 
published  at  the  commencement  of  last  year,  I  also  stated  that 
**some  finely  worked  out  specimens  of  American  Palaeozoic  fipirifers, 
and  other  genera,  have  been  described  and  illustrated  by  Prof.  Hall 
and   Mr.   Whitfield;   but  in   this   case  the   results   were  obtained 
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principally  in  siliceouB  specimens  or  by  sections,  and  not  developed 
in  spar  by  tbe  process  Mr.  Glass  bas  discovered.'*  I  bave  recently 
received  a  note  from  Mr.  Wbitfield,  in  wbicb  be  informs  me  tbat  in 
the  above  statements  I  bave  been  labouring  under  a  mistake,  tbat  tbe 
siliceous  specimens  be  bas  worked  out  are  comparatively  few,  and 
that  be  lias  principally  operated  on  specimens  filled  with  calc-spar — 
these  operations  extending  back  for  some  years,  and  relating  not  only 
to  American,  but  also  to  a  number  of  European  forms,  including  some 
from  Bobemia  and  England.  He  says,  **  In  fact  I  liave  treated  my 
specimens  exactly  as  Mr.  Glass  bas  treated  bis."  Mr.  Wbitfield 
thus  describes  bis  method  of  operating — *'  I  bave  been  in  tbe  babit 
of  cutting  down  to  near  tbe  spires  with  tools,  then  treating  witb 
hydrochloric  acid  to  render  them  more  translucent,  frequently 
catting  longitudinally  a  little  outside  of  tbe  middle  so  as  to  get  tbe 
loop  in  profile.  Athyris  viitata.  A,  apiriferoidea,  Meriatina  nitida,  and 
if.  Maria  are  all  cut  thus."  Mr.  Wbitfield  also  refers  to  a  friend  of 
his  as  having  operated  in  a  similar  manner  upon  American  specimens 
of  Atrypa  reticularia,  and  upon  European  specimens  of  Tereb. 
acalprum,  Mr.  John  Young,  of  tbe  Hunterian  Museum,  Glasgow, 
has  also,  in  the  course  of  correspondence,  informed  Mr.  Glass  tbat 
more  than  twelve  years  ago  be  operated  upon  four  specimens — three 
of  Athyria  ambiguay  and  one  of  A.  Roysii — developing  tbe  spirals 
from  their  sparry  matrix  by  means  of  acid  and  a  file  and  knife. 
More  recently,  as  I  stated  in  my  Carboniferous  Supplement,  Mr. 
James  Neilson,  Jun.,  has  developed  in  tbe  same  manner  tbe  spirals 
in  A.  Roysii  and  Sp.  Itneata, 

As  to  the  English  forms  worked  out  by  Mr.  Whitfield,  I  may 
state  that  I  have  never  seen  any  drawings  of  them — my  knowledge 
of  the  spirals  and  their  connections  in  those  of  our  Englisb 
Brachiopods  which  are  filled  with  spar  having  been  entirely  derived 
from  the  preparations  of  Mr.  Glass.  Mr.  Glass,  as  he  informs  me, 
does  not  lay  any  claim  to  the  discovery  that  the  Palaeozoic  spiral- 
bearing  forms  of  the  Brachiopoda  which  are  filled  with  spar  are 
favourable  to  the  development  of  the  spirals  and  their  connections, 
nor  does  he  lay  any  claim  to  the  first  employment  for  such  a 
purpose  of  the  knife  supplemented  by  acid — though  he  was  the  first 
to  publish  any  account  of  such  a  process,  and  it  was  only  after  he 
bad  done  this  that  he  became  aware  of  its  previous  use.  He  thinks, 
however,  that  his  own  method  is  somewhat  different  to  that  previously 
employed.  In  the  comparatively  simple  matter  of  developing  the 
spirals  Mr.  Glass  has  found  through  operating  upon  many  hundreds 
of  specimens  that  to  obtain  the  best  and  most  finished  results  the  acid 
should  first  be  used  in  removing  the  outer  valve  or  valves  when 
they  have  not  been  transformed  into  spar.  That  then  scraping  witb 
a  knife  and  frequent  washing  with  water  must  be  solely  relied  upon 
until  the  spirals  are  clearly  revealed  without  even  a  trace  of  the  sparry 
matrix  upon  them.  Then  to  obtain  a  perfectly  smooth  surface,  fine 
emery  clotji  must  be  used,  and  finally  the  specimen  must  be  dipped 
for  two  or  three  seconds  in  the  acid  to  remove  the  dullness  of  the 
surface  and  to  give  to  it  a  glossy  and  transparent  appearance  as  if  it 
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had  been  polisbed.  As  to  the  more  dif&onit  matter  of  developing 
the  connections  of  the  spirals,  Mr.  Glass  has  found  that  the  only 
method  giving  any  certainly  of  result  is  by  limiting  the  use  of  the 
acid  as  described  above  and  by  soraping  away  the  matrix  and  parts 
of  the  spirals  until  the  oonnecfions  of  the  spirals  with  the  hinge- 
plate,  and  the  connection  of  the  spirals  with  each  other  are  com- 
pletely exposed. 

Mr.  Glass  says  that  in  his  own  operations  he  plaoes  no  dependence 
upon  the  making  of  sections,  though  he  has  no  doubt  that  those  who 
have  a  preference  for  this  mode  may  sometimes  use  it  with  good  effeot. 

Since  writing  the  above  Mr.  Whitfield  has  kindly  forwarded  to 
me  a  specimen  of  Mertatella  areuaia  in  which  the  spirals  and  their 
connections  are  silicified.  Mr.  Whitfield  only  partiy  prepared  this 
specimen,  so  that  the  very  delicate  and  fragile  loop  might  be  preserved 
during  transit,  and  said  in  his  aooompanying  note — "It  will  need 
careful  working  with  acid  in  order  to  develop  it  so  as  to  shew  the 
loop  rings  and  processes."  Having  sent  the  specimen  to  Mr.  Glass  he 
has  successfully  worked  it  out,  and  the  rings  of  the  loop  appear  very 
plainly  as  previously  figured  by  Prof.  Hall.  Now  as  in  MerUtdla 
inmida  there  are  no  rings  it  cannot  properly  belong  to  the  genus 
Mertstelia.  Mr.  Whitfield  agrees  with  me  in  thinking  that  it  is 
identical  with  the  American  Meriatina  Maria,  Certainly  Meristina 
Maria  agrees  very  closely  with  our  Meristella  iumida  in  external 
form,  and  Mr.  Glass  has  just  worked  out  a  typical  specimen  of  the 
American  species  sent  to  me  by  Prof.  Hall  which  proves  beyond 
doubt  that  the  connections  of  the  spirals  with  the  hinge-plate  and 
their  connection  with  each  other  are  identical  in  both  species.  In 
the  American  description  of  the  interior  of  Meriatina  Maria  the  loop 
is  said  to  be  simple,  but  it  is  now  proved  that  the  end  of  the  loop 
is  bifurcated  in  exact  agreement  with  the  figure  of  the  interior  of 
Meristella  tumida  given  in  the  first  part  of  this  paper. 

Mr.  Glass  has  worked  out  a  specimen  of  MeriateUn  didymOy  which 
is  probably  identical  with  the  American  Meriatina  nitida.  In  this 
specimen  Mr.  Glass  thinks  he  has  developed  a  simple  loop  such  as 
that  described  by  Prof.  Hall  for  his  genus  Merietina.  I  am  not 
quite  sure  of  this,  however,  and  think  it  desirable  that  we  should 
have  further  evidence,  but  if  Mr.  Glass's  supposition  should  prove 
correct,  then  the  genus  Meriatina  should  be  retained  for  this  and 
similarly  organized  species,  and  Meristella  tumida,  with  its  synonym 
Meristina  Maria,  should  constitute  a  new  genus  which  I  would 
name  Whttfieldia, 

II. — Sketch  op  the  Geology  op  British  Columbia. 
By  George  M.  Dawson,  D.S.,  A.R.S.M.,  F.G.S. 

TWENTY  years  ago  the  region  now  included  in  the  Province  of 
British  Columbia  was — with  the  exception  of  the  coast-line  — 
little  known  geographically,  and  quite  unknown  geologically.  From 
the  days  of  Cook  and  Vancouver,  and  the  old  territorial  disputes 
with  the  Spaniards,  this  part  of  the  west  coast  of  North  America 
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ittracted  little  attention  till  the  discovery  of  gold  in  1858.  As 
among  the  first  in  the  field  geologically  may  he  mentioned  Dr. 
Hector  and  Messrs.  H.  Bauerman  and  G.  Gihbs.  The  observations 
of  these  gentlemen,  though  bringing  to  light  many  facts  of  interest, 
were  confined  to  a  comparatively  small  part  of  the  area  of  the 
province,  and  it  was  not  till  the  inclusion  of  British  Columbia  in  the 
Dominion  of  Canada  in  1871  that  the  systematic  operations  of  the 
Geological  Survey  of  Canada  were  extended  to  this  region.  Since 
this  date  a  numoer  of  reports  treating  of  the  geology  of  British 
Golombia  have  been  published,  and  on  these,  together  with  a  per- 
sonal knowledge  of  the  country,  obtained  during  five  seasons'  work 
in  it  in  connexion  with  the  Survey,  I  shall  chiefly  depend  in  giving 
a  brief  account  of  the  main  geological  features  so  far  developed. 

British  Columbia  includes  the  whole  breadth  of  a  portion  of  the 
great  Cordillera  belt  which  forms  the  Pacific  margin  of  the  Con- 
tinent. This  here  consists  of  four  parallel  mountain  ranges  running 
in  general  north-westerly  and  south-easterly  bearings,  which,  be- 
ginning on  the  Pacific  Margin,  may  be  named  as  follows : — Yan- 
oouver  Bange,  Coast  or  Cascade  Range,  Gold  Bange,  and  Rocky 
Mountain  Range  proper,  the  last  constituting  the  western  border  of 
the  great  plains  of  the  interior  of  the  Continent. 

The  first  mentioned,  in  a  partially  submerged  condition,  forms 
Yanconver  and  the  Queen  Charlotte  Islands,  and  still  rears  some  of 
its  peaks  to  a  height  surpassing  6000  feet.  The  valley  lying  to  the 
north-east  of  this  is  occupied  by  the  sea,  forming  the  Strait  of 
Georgia,  Queen  Charlotte  Sound,  and  Hecate  Straits.  The  Coast 
Range  is  a  rugged  mountainous  district  with  a  width  of  about  one 
hundred  miles,  and  axial  summits  reaching  in  some  places  elevations 
Borpassing  8000  feet.  To  the  north-east  of  this  stretches  a  region 
which  may  be  called  the  Interior  Plateau  of  British  Columbia,  the 
STerage  width  of  which  is  nearly  one  hundred  miles,  and  its  mean 
elevation  about  3500  feet.  This  plateau  is,  however,  irregular, 
hilly,  or  even  in  some  places  mountainous,  and  is  intersected  by 
deep  trough-like  river  valleys.  It  is  only  when  it  is  occupied  by 
Tertiary  volcanic  rocks  that  it  assumes  considerable  uniformity  of 
sarface. 

Bounding  the  plateau  to  the  north-east  is  a  third  wide  range, 
known  locally  as  the  Cariboo,  Columbia  and  Purcell  Mountains. 
It  is  broken  to  the  north  at  the  54th  parallel  and  resumes  under  the 
56th  as  the  Omineca  Mountains.  This  mountain  axis  may  be  named 
the  Gold  Range,  and  it  is  probable  that  many  summits  in  it  surpass 
8000  feet.  Separated  from  it  by  a  narrow  but  well-defined  valley  is 
the  Rocky  Mountain  Range  with  an  average  width  of  fifty  to  sixty 
miles.  This  shows  peaks  of  about  10,000  feet  in  height  on  the  49th 
parallel,  is  supposed  to  surpass  15,000  feet  near  the  52nd,  and 
becomes  comparatively  low  and  narrow  in  the  vicinity  of  the  Peace 
Biver,  about  the  56th  parallel. 

Such  are  the  main  orographical  features  of  British  Columbia,  a 
slight  knowledge  of  which  is  necessary  to  render  intelligible  the 
description  of  its  geological  structure. 
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In  describing  the  rooks,  those  of  Tertiary  and  Cretaoeons  age  of 
the  coast  will  first  be  notioed,  next  those  of  the  interior  of  the  pro- 
vince referable  to  these  periods,  and  lastly  the  older  underlying 
metamorphio  rocks. 

Tertiary, — The  Tertiary  rocks  do  not  form  any  wide  or  continnous 
belt  on  this  part  of  the  coast,  as  is  the  case  farther  south.  They  are 
found  near  Sooke,  at  the  southern  extremity  of  Vancouver's  Island, 
in  the  form  of  sandstones,  conglomerates,  and  shales,  which  are  some- 
times carbonaceous.'  Tertiary  rooks  also  probably  occupy  a  consider- 
able area  about  the  mouth  of  the  Fraser  River ;  extending  southward 
from  Bnrrard  Inlet,  across  the  International  boundary  formed  by  the 
49th  parallel,  to  Bellingham  Bay  and  beyond.  Thin  seams  of  lignite 
occur  at  Burrard  Inlet  Sections  of  the  Tertiary  rocks  at  Bellingham 
Bay  are  given  in  Dr.  Hector*s  official  report  Lignite  beds  were 
here  some  years  ago  extensively  worked,  but  the  mine  has  been 
abandoned  owing  to  the  superior  quality  of  the  fuels  now  obtained 
from  Nanaimo  and  Seattle.  About  the  estuary  of  the  'Fraser  the 
Tertiary  beds  are  much  covered  by  drift  and  cdluvial  deposits,  and 
are  consequently  not  well  known.  Lignites,  and  even  true  coals, 
have  been  found  in  connexion  with  them,  but  so  far  in  beds  too  thin 
to  be  of  value.  Fossil  plants  from  Burrard  Inlet  and  Bellingham 
Bay  have  been  described  by  Newberry  and  Lesquereux,  and  these 
are  supposed  to  indicate  a  Miocene  age  for  the  deposita.^ 

Much  farther  north,  in  the  Queen  Charlotte  Island,  the  whole 
north-eastern  portion  of  Graham  Island  has  now  been  shown  to  be 
underlain  by  Tertiary  rocks,  which  produce  a  flat  or  gently  im- 
dulating  country,  markedly  different  from  that  found  on  most  parts 
of  the  coapt.  The  prominent  rocks  are  of  volcanic  origin,  including 
basalts,  dolerites,  trachytic  rocks,  and  in  one  locality  obsidian. 
Numerous  examples  of  fragmental  volcanic  rocks  are  also  found. 
Below  these,  but  seen  in  a  few  places  only,  are  ordinary  sedimentary 
deposits,  consisting  of  sandstones  or  shales,  and  hard  clays  with 
lignites.  At  a  single  locality  on  the  north  end  of  Graham  Island, 
beds  with  numerous  marine  fossils  occur.  These,  in  so  far  as  they 
admit  of  specific  determination,  represent  shells  found  in  the  later 
Tertiary  deposits  of  California,  and  some  of  which  are  still  living  on 
the  north-west  coast ;  and  the  assemblage  is  not  such  as  to  indicate 
any  marked  difference  of  climate  from  that  now  obtaining.' 

The  Tertiary  rocks  of  the  coast  are  not  anywhere  much  disturbed 
or  altered.  The  relative  level  of  sea  and  land  must  have  been 
nearly  as  at  present  when  they  were  formed,  and  it  is  probable  that 
they  originally  spread  much  more  widely,  the  preservation  of  such 
an  area  as  that  of  Graham  Island  being  due  to  the  protective  capping 

1  Report  of  Progress,  Geol.  Survey  of  Canada,  1876-77,  p.  190. 

'  111  the  geoloj^'y  of  the  U.  S.  exploring  expedition.  Prof.  Dana  describes  some 
Tertian'  plants  from  Birch  Bay.  These  were  afterwards  reported  on  by  Newberry, 
Boston  Joiim.  of  Nat.  Hist.  vol.  vii.  No.  4.  See  also  American  Joamal  of  Sc.  and 
Arts,  2ud  series,  vol.  xivii.  p.  359,  and  vol.  xiviii.  p  85.  Report  on  the  Yellow- 
stone and  Niusain  expedition,  1869,  p.  166.  Annals  Lye.  of  Nat.  llist.  of  N.  Y., 
vol.  ix.  April,  1868. 

3  Report  of  rrogress,  Geol.  Survey  ©f  Canada,  1878-9,  p.  84  B. 
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of  Tolcanio  rocks.  The  beds  belong  evidently  to  the  more  recent 
Tertiary,  and  though  the  palaaontological  evidence  is  scanty,  it 
appears  probable  from  this,  and  by  comparison  with  other  parts  of 
the  west  coast,  that  they  should  be  called  Miocene. 

To  the  east  of  the  Coast  or  Cascade  Hange,  Tertiary  rocks  are 
▼ery  extensively  developed.  They  have  not,  however,  yielded  any 
marine  fossils,  and  appear  to  have  been  formed  in  an  extensive 
lake,  or  series  of  lakes,  which  may  at  one  time  have  submerged 
nearly  the  entire  area  of  the  region  described  as  the  interior 
plateau.  The  Tertiary  lake  or  lakes  may  not  improbably  have  been 
produced  by  the  interruption  of  the  drainage  of  the  region  by  a 
renewed  elevation  of  the  coast  mountains  proceeding  in  advance 
of  the  power  of  the  rivers  of  the  period  to  lower  their  beds ;  the 
movement  culminating  in  a  profound  disturbance  leading  to  very 
extensive  volcanic  action.  The  lower  beds  are  sandstones,  clays, 
and  shales,  generally  pale-greyish  or  yellowish  in  colour,  except 
where  darkened  by  carbonaceous  matter.  They  frequently  hold 
li^ite,  coal,  and  in  some  even  true  bituminous  coal  occurs.  These 
sedimentary  beds  rest  generally  on  a  very  irregular  surface,  and 
consequently  vary  much  in  thickness  and  character  in  different 
parts  of  the  extensive  region  over  which  they  occur.  The  lignites 
appear  in  some  places  to  rest  on  true  *'  underclays,"  representing 
the  soil  on  which  the  vegetation  producing  them  has  grown,  while 
in  others — as  at  Quesnel — they  seem  to  be  composed  of  drift-wood, 
and  show  much  clay  and  sand  interlaminated  with  the  coaly  matter. 

In  the  northern  portion  of  the  interior  the  upper  volcanic  part 
of  the  Tertiary  covers  great  areas,  and  is  usually  in  beds  nearly 
horizontal,  or  at  least  not  extensively  or  sharply  folded.  Basalts, 
dolerites,  and  allied  rocks  of  modern  aspects  occur  in  sheets,  broken 
only  here  and  there  by  valleys  of  denudation  ;  and  acidic  rocks  are 
seldom  met  with  except  in  the  immediate  vicinity  of  the  ancient 
volcanic  vents.  On  the  Lower  Nechacco,  and  on  the  Parsnip  River, 
the  lower  sedimentary  rocks  appear  to  be  somewhat  extensively 
developed  without  the  overlying  volcanic  materials. 

The  southern  part  of  the  interior  plateau  is  more  irregular  and 
mountainous.  The  Tertiary  rocks  here  cover  less  extensive  areas, 
and  are  much  more  disturbed,  and  sometimes  over  wide  districts — 
as  on  the  Nicola — are  found  dipping  at  an  average  angle  of  about 
thirty  degrees.  The  volcanic  materials  are  occasionally  of  great 
thickness,  and  the  little  disturbed  basalts  of  the  north  are,  for  tlie 
most  part,  replaced  by  agglomerates  and  tufas,  with  trachytes, 
porphyrites,  and  other  felspathic  rocks.  It  may  indeed  be  questioned 
whether  the  character  of  these  rocks  does  not  indicate  that  they 
are  of  earlier  date  than  those  to  the  north,  but,  as  no  direct 
palaoontological  evidence  of  this  has  been  obtained,  it  is  presumed 
that  their  different  composition  and  appearance  is  due  to  unlike 
conditions  of  deposition  and  greater  subsequent  disturbance. 

No  volcanic  rocks  or  lava  flows  of  Post-glacial  age  have  been  met 
with,  though  I  believe  that  still  farther  to  the  north-west  the  rooks 
are  of  yet  more  recent  origin  than  any  of  these  here  described,  and 
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I  have  even  beard  a  tradition  of  the  Indians  of  the  Basse  River 
which  relates  that^  at  some  time  very  remote  in  their  history,  an 
eruption  covering  a  wide  tract  of  oonntry  with  lava  was  witnessed. 

The  organic  remains  so  far  obUinied  from  these  Tertiary  rocks  of 
the  interior  consist  of  plants,  inaeots,  and  a  few  freshwater  mollascs 
and  fish  scales,  the  last  being  the  only  indication  of  the  vertebrate 
fauna  of  the  period.  The  plants  have  been  oollected  at  a  number 
of  localities.  They  have  been  labjected  to  a  preliminary  examina- 
tion by  Principal  Dawson,  and  several  lists  of  species  published. 
While  they  are  certainly  Tertiary,  and  represent  a  temperate  flora 
like  that  elsewhere  attributed  to  the  Miocene,  they  do  not  afford 
a  very  definite  criterion  of  age,  being  derived  from  places  which 
must  have  differed  mooh  in  their  physical  surronndings  at  the  time 
of  the  deposition  of  the  beds.  Insect  remains  have  been  obtained 
in  four  lenities.  They  have  been  examined  by  Mr.  S.  H.  Scudder, 
who  has  contributed  three  papers  on  them  to  the  Geological 
Reports,^  in  which  he  describes  forhr  species,  all  of  which  are 
considered  new.  None  of  the  inteots  have  been  found  to  occur  in 
more  than  a  single  locality,  whioli  causes  Mr.  Scudder  to  observe 
that  the  deposits  from  which  they  oame  may  either  differ  consider- 
ably in  age,  or,  with  the  fact  that  duplicates  have  seldom  been  found 
even  in  th*e  same  locality,  evidence  the  existence  of  different  sur- 
roundings, and  an  exceedingly  rich  insect  fauna. 

Though  the  interior  plateau  may  at  one  time  have  been  pretty 
uniformly  covered  with  Tertiary  rocks,  it  is  evident  that  some 
regions  have  never  been  overspread  by  them,  while,  owing  to 
denudation,  they  have  since  been  almost  altogether  removed  from 
other  districts,  and  the  modem  river  valleys  often  cut  completely 
through  them  to  the  older  rocks.  The  outlines  of  the  Tertiary  areas 
are  therefore  now  irregular  and  ooroplicated.' 

{To  be  c<mtinued  m  9ur  next  Number,) 

III. — On  a  Case  in  which  vabious  massivb  Cktstallinb  Rocks 
INCLUDING     Soda-Granite,    Quabtz-Diorite,    Noritb,    Horn- 

BLENDITB,     PtROXKNITE,     AND     DIFFERENT     ChRYSOLITIO     RoCKS, 
WERE   MADE    THROUGH    MeTAMOBPHIO   AgBNGIES    IN    ONE     MbTA- 

MORPHio  Process. 

By  Prof.  James  D.  Dana,  LL.D.,  A.M.,  For.  Memb.  Geol.  Soc.  Lond., 

of  Yale  College,  New  HsTen,  Ct.,  U.S.A. 

Part  III. 

(Concluded  irom  page  119.) 

I^HE  extent  of  these  bands,  their  number,  unifomiity  of  direction 
and  apparently  of  dip,  and  the  identity  of  the  material  con- 
stituting them  with  beds  of  the  schist,  especially  the  more  northern, 
are  such  as  to  warrant  the  following  section  (Fig.  15). 

1  Reports  of  Progress,  Geol.  Survey  of  Canada,  1875-6,  p.  266 ;  1876-7,  p.  467 ; 
1877-8,  p.  176,  B. 

*  For  additional  information  on  the  Tertiary  rocks  of  the  interior,  see  the  following 
Reports  of  Progress,  1871-2,  p.  66;  1S76-6,  pp.  70  and  226;  1876-7,  pp.  76  and 
IJ2,  B. 
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A  B  represents  a  portion  of  the  schist  near  the  granite ;  B  to  C, 
soda-granite ;  C  to  D,  coarse  syenite-like  diorite ;  D  to  E,  soda- 
granite;  a  to  /I  the  bands,  which  are  lettered  as  in  the  above  de- 
scriptions of  them. 

Fio.  16. 

ABC  D  E 


The  depth  to  which  the  beds  are  made  to  descend  downward  in 
the  granite  (100  feet)  is  an  assumption  in  this  section ;  but  con- 
sidering that  probably  6000  feet,  and  more  likely  over  10,000  feet 
of  these  nptumed  rocks  have  been  removed  by  erosion,  and  noting 
also  the  number  of  the  bands  and  their  parallelism  to  the  schist,  and 
the  effect  of  pressure  to  keep  them  in  place,  the  assumption  can  be 
no  exaggeration. 

Since  it  is  obviously  impossible  that  the  inclusions  taken  in  and 
carried  up  by  rocks  erupted  through  deep  fissures  should  be  beds  of 
sdiist  lOO  to  200  feet  long,  and  a  series  of  such  beds  separated  by 
the  fused  rock  retaining  together  their  parallel  position,  we  have  to 
admit  that  these  indications  of  bedding  are  of  uuohliteroted  bedding. 
The  rest  of  the  upturned  strata  were  fused  or  at  least  softened ;  these 
portions  of  beds  were  not  fused,  though  flexed  and  variously  displaced. 

There  is  reason  for  the  resistatjce  to  fusion  in  the  mineral  nature 
of  the  beds ;  for  quartz,  staurolite,  fihrolite,  magnetite,  are  infusible 
minerals ;  muscovite  and  biotite  are  but  slightly  fusible  on  thin 
edges ;  and  orthoclase  fuses  with  great  difficulty,  much  greater  than 
the  other  felspars,  oligoclase,  labradorite  and  albite. 

Thus  the  study  of  the  phenomena  of  contact  becomes  in  this 
region  a  study  of  '*  inclusions  "j  and  the  larger  of  the  inclusions  turn 
out  to  be  beds  of  schist,  conformable  to  the  schist. 

We  seem  to  be  thus  forced  to  the  conclusion  that  the  soda-granite 
and  the  included  diorite  were  once  parts  of  the  same  sedimentary 
strata  with  the  schist,  and  that  all.  with  the  Cruger  limestone,  were 
once  a  continuous  stratified  formation  ;  and  that  the  plasticity  given 
to  the  granite-making  or  diorite-niaking  portions,  because  of  the 
heat,  occasioned  the  exceptional  geological  features  of  the  region. 

The  region  of  Cruger's  Point  is  continued  northward  into  that  of 
Montrose  Point;  the  latter  is  characterized, as  has  been  stated,  by 
chrysolitic  rocks  for  its  southern  three- fourths,  and  by  norite  with 
chrysolitic  rock  for  the  other  fourth ;  and  through  the  facts  there  as 
well  as  elsewhere  afforded,  the  evidence  from  inclusions  is  made  to 
extend  also  to  these  other  rocks.  With  the  chrysolitic  pyroxenite 
and  chrysolitic  hornblendite,  there  is  also  hornblendite  which  is  not 
ohrysolitic,  but  more  or  less  augitic,  and  containing  some  triclinic 
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felspar.  On  the  south  side  of  Montron  Point  facing  Ginger's  Point 
(or  the  brick-^ard  between  the  two),  in  the  ohrysolitio  rook,  there  ii 
what  looks  (ike  a  vein  or  d^ke  two  to  fonr  inches  wide,  exposed  for 
a  lengtli  of  twenty  feet  The  material  shows  it  to  be  no  vein  or 
dj-ke,  but  a  bed  from  .the  schist;  it  is  a  dark-oolourcd  quartzose 
ijwmti  roelc,  heavy  with  magnetite  and  containing  some  staurolite, 
resembling  much  a  portion  of  the  sohiat  in  section  1  (above  de- 
eoribed),  near  the  soda-granite.  The  covering  of  earth  prevented  b 
determination  of  its  whole  extent.  In  the  same  kind  of  rook,  about 
fifty  yards  north  of  the  briok-yard  which  divides  Montrose  Point 
(into  a  North  Montrose  and  a  South  Montrose  Point),  a  vein-lika 
band,  two  feet  to  twenty  inches  wide,  descends  the  bluff,  which 
consists  of  a  light-grey  mansive  argillite.  Examined  in  thin 
slioes  by  the  microscope,  it  is  found  to  have  a  mealy  aspect  with 
microlilhic  points,  like  an  argillite  in  the  first  stages  of  metamor- 
phism.  The  band  is  a  bed  from  the  schist,  although  a  different 
variety  of  it  from  any  exposed  at  Gniger's. 

Other  long  vein-like  bands  are  black  and  of  very  fine  grain; 
some  of  them  look  greyish  and  minutely  arenaceous.  The  mioro- 
Bcope  shows,  on  an  examination  of  thin  slices,  that  some  consist  of 
grains  of  hornblende  and  felspar,  the  latter  partly  orthoclaEe,  and 
look  like  hornblende  schist,  while  others  are  very  fine-grained 
horublendic  raica-schist.  One  of  the  latter  had  a  thickness  of  two 
feet.  These  bands  are  most  numerous  in  the  norite  of  the  northern 
part  of  the  point.  Figure  i,  as  stated  on  page  111,  represculs  an 
"  inclusion  "  in  the  norite  ;  but  the  inclusion  is  evidently  a  bed  bent 
back  on  ilgelf;  for  a  vein  would  not  be  thus  folded  double  in  its 
enclosing  rock.  The  rock  of  this  bed  much  resembles  the  norite, 
though  finer  in  grain,  and  consists  (as  observed  by  means  of  a  thin 
slice)  of  hornblende  with  much  augite  and  some  triclinic  felspar. 

On  the  same  part  of  the  point,  the  norite  and  chiysolitic  rocks 
apparently  cut  through  one  another,  but  with  the  norite  of^ner  like 
au  inclusion  in  the  chrysolitio  rocks.  Again,  they  follow  one 
another,  or  lie  side  by  side,  but  without  a  distinct  divisional  plane ; 
and  in  one  place  the  rook  consists  of  bands  of  noiite  and  chrysolitio 
homblendite  without  a  trace  of  any  planes  of  separation.  Figure  16 
represents  an  example  of  this  kind,  „      ,  „ 

in  which  the  bands  are  two  to  three 


inohes   wide,    norite    bands    (the   %;.'i',wi..^!ifi'.''^':.iv''"\-'T,'*j 

tine-dotted  in  the  figure)  allemat-     i'iJjy(r^^i;^"'ir.>^V(^?^'!{"^?^'s^^ 
iiig  with  bauds  of  the  chiysolitic     :.^^^■^'■.^■?■^■/i;!'.>/v■Uj'^;}'■:^ 


chiysoli 

rock.  Difference  of  material  in 
eiicceesive  portions  might,  under 
some  metamorphic  conditions,  give 
rise  to  Btich  a  gtructure,  although 
the  bands  are  so  thin;  succeHsive 
outflowing  of  different  eruptive 
rocks  could  not  produce  it 

Going  north  from  the  vicinity  of  Crugor's  Station  along  section  1, 
instead  of  section  3,  the  rocks  change  from  the  coarse  diorite  at 
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tlie  end  of  the  section  to  fine-grained ;  and  then,  in  three- fourths 
of  a  mile,  the  rock  is  well-characterized  norite.  Moreover,  the 
Dorite  contains  a  band  of  magnetite,  exposed  in  a  working  (near 
Mrs.  Murden*s)  with  which  occur  garnet  and  fibrolite.  The  band  is 
bedded,  the  magnetite  is  chloritic,  and  the  assemblage  of  minerals 
10  the  same  tiiat  occurs  in  the  soda-granite,  as  well  as  the  schist 
west  of  Cruger*s.  Fibrolite  is  found  also  with  the  magnetite  of 
£astem  Cortland. 

The  norite  and  chrysolitic  rocks  are  thus  apparently  in  the  same 
cat^ory  with  the  soda-granite  and  quartz-diorite. 

Siang  Point — This  conclusion  is  further  sustained  by  the  facts  to 
be  obeerved  at  Stony  Point,  and  these  facta  come  into  this  place, 
although  the  locality  is  on  the  west  side  of  the  Hudson ;  for  the 
Cmger  schists  make  the  south  border  of  the  region  precisely  as 
near  Cruger's,  and  have  the  same  strike  and  dip,  showing  a 
like  relation  to  the  Cruger  limestone  belt  and  proving  its  foi-mer 
extension  across  the  river.  For  further  comparison  between  the 
geological  facts  of  the  east  and  west  sides  of  the  river,  it  is  to  be 
observed  that  the  succession  of  rocks  west  of  Cruger's,  on  the  lino 
going  northward,  from  the  river  on  the  south  side  of  the  point  to 
tbe  north  side  of  Montrose  Point,  is  (1)  limestone;  (2)  schist;  (3) 
soda-granite  (with  some  included  diorite)  ;  (4)  chrysolite  rocks;  (5) 
(on  Northern  Montrose  Point)  norite  and  chrysolitic  rocks  in 
complicated  combination. 

The  same  is  the  order  on  Stony  Point,  except  that  the  limestone 
is  not  in  sight  (no  doubt  because  submerged)  ;  it  is :  (2)  echists ; 
(3)  soda-granite;  (4)  chrysolite  rocks,  followed  by  (5)  norite  and 
chrysolite  rocks  combined.  (The  diorite  of  the  Cruger  soda-granite 
is  not  represented  there.)  On  the  map,  x  is  the  area  of  the  schists  ; 
y,  the  soila-granite ;  z,  the  chrysolitic  rocks,  and  z'the  latter  with 
norite.  But  besides  being  the  same  in  order,  there  is  evidence  that 
the  soda-granite  succeeds  the  schist  along  a  plane  of  bedding  of 
the  schists,  as  if  conformable.  This  is  apparent  at  the  junction  of 
the  two  on  the  east-north-east  shore  of  the  point.  Included  beds  of 
schist  occur,  but  the  covering  of  earth  prevents  a  determination  of 
their  direction.  Further,  the  chrysolitic  rocks  succeed  to  the  soda- 
granite  along  a  plane  parallel  to  the  same  plane  of  bedding,  as  is 
seen  just  west  of  the  boat-pier  near  the  middle  of  the  northern 
shore.  Besides  these  facts,  there  are  included  beds  of  fine-grained 
hornblende  rock  (schist  ?)  and  other  kinds  in  the  norite  and  chrysolitic 
rocks,  which  are  in  general  conformable  to  the  same  plane,  or  about 
N.  70°  E.  in  strike,  with  a  dip  of  75°  to  80°  to  the  northward. 

Snch  facts  sustain  the  inference  as  to  the  former  connexion  of 
the  rocks  of  the  east  and  west  sides  of  the  river,  and  strongly  favour 
the  view  that  the  succession  in  the  rocks  noted  was  dependent 
originally  on  stratification. 

If  the  thickness  of  the  schists  at  Cniger's  Point  may  be  taken  as 
that  at  Stony  Point,  the  submerged  Cruger  limestone  is  to  be  found 
beneath  the  bottom  mud  of  the  river  within  a  few  hundred  feet  of 
the  south-east  shore. 
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(2)  Vidnity  of  the  Peehahtt  LimeBUme  areoB.— The  PeekskiU 
limestone  areas  have  Bimilar  stratigiaphioal  relations  to  the  norite 
and  the  other  Cortland  rooks.  One  of  the  two  areas  extends  up 
Sprout  Brook  or  Ganopos  Hollow,  and  the  other  np  the  valley  in  the 
village  of  Peekskill  along  whioh  Center-street  descends  toward  the 
river.  The  southern  extremities  of  these  areas  are  shown  on  the 
map,  page  60 ;  the  former  has  the  strike  N.  52°  E.  and  dip  75°  S. ; 
the  latter  N.  78°  E.  dip  75°  S.    Figure  17  represents  a  section 
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about  1300  yards  in  length  from  north  to  south,  along  the  line 
marked  ah  c  on  the  map,  starting  from  the  limestone  at  the  month 
of  Sprout  Brook,  near  the  Ironworks.  The  limestone  (a)  lies 
against  true,  whitish,  well-hedded,  oonformable  quartsite  (a  to  6)  ; 
this  quartzite  changes  gradually  to  jointed  massive  granitoid  and 
gneissoid  quartzite,  with  only  an  occasional  bedded  band  or  plane ; 
each  such  band  or  plane  is  conformable  in  direction  to  the  limestone 
and  the  adjoining  bedded  quartzite.  This  quartzite  (the  rock 
referred  to  on  p.  24,  vol.  xx.  Am.  Jour.  Sci.)  continues  southward  to  the 
Center-street  valley,  but  on  the  north  side  of  the  valley,  just  back  of 
IliU's  Foundry,  it  is  followed  by  an  arenaceous  mica-schist  (c  c2), 
with  the  strike  varied  to  N.  78  E.  the  dip  remaining  the  same ; 
then,  on  the  south  side  of  the  valley,  50  yards  above  Baxter's  Iron 
Works  (on  Water-street),  the  limestone  of  the  second  belt  outcrops, 
having  the  same  dip  and  strike  as  the  mica-schist ;  and  behind  these 
ironworks,  thin-fissile  dark -grey  mica-schist  (containing  both  white 
and  black  mica)  appears  conformable  in  position  to  the  limestone ; 
then,  after  an  earth-covered  interval  of  about  200  yards,  there  is  an 
outcrop  of  massive  no  rite  along  South-street,  north  of  Hudson- 
street,  which  is  without  bedding,  but  has  an  extremely  micaceous 
layer — a  kind  of  coarse  mica-schist — intersecting  it  near  its  middle, 
which  is  conformable  in  its  itrike  and  dip  with  the  miea-ichist  and 
limestone  of  Center-street  valley;  and  it  shows  conformable  planes 
of  bedding  also  near  its  south  extremity.  Moreover,  this  norite  has 
a  lighter-grey  colour  and  contains  more  quartz  and  orthoclase  than  in 
other  outcrops  more  remote  from  the  mica-schist  and  limestone,  and 
thus  exhibits  an  intermediate  character  corresponding  with  its  inter- 
inediato  position.  This  stratification  in  portions  of  the  norite  is 
also  distinct  a  mile  to  the  eastward  of  this  locality  on  the  same  side 
of  the  limestone,  at  the  point  mentioned  on  page  59. 

The  granitoid  and  gneissoid  quartzite  of  Peekskill  looks  much  like 
true  granite  and  gneiss ;  but  its  transition  to  bedded  quartzite  shows 
wliat  it  in  fact  is  ;  and  this  is  confirmed  by  the  examination  of  thin 
slices,  the  quartz  in  it  proving  to  consist  of  an  aggregation  of  grains 
juist  like  a  sandstone.     (The  transition  of  this  granitoid  quartzite  to 
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-sebist  or  slate  has  been  mentioned  on  page  24,  vol.  xx.  Am.  Jour.  Sci.) 
These  fieusts  are  all  in  favour  of  the  conclusion  that  the  norite  was 
ODoe  a  stratum  conformable  to  the  Peekskill  limestone  areas. 

(3)  Vidnity  of  the  Verplanek  lAmesUme  belt,  —  The  Verplanck 
limestone  belt  follows  the  border  of  the  river  from  a  point  just 
north  of  the  foot  of  Broadway,  and  has  the  usual  strike  for  the 
county,  north-eastward.  Like  the  Cruger  limestone  area,  it  has,  on 
the  landward  side,  with  a  small  exception,  a  border  of  ordinary  mica-* 
schist  or  micaceous  gneiss,  a  fine-gprained  arenaceous  rock,  the  feU 
spar  of  which  is  mostly  orthoclase.  This  schist  extends  to  the  point 
marked  d  on  the  map :  at  e  the  rock  is  massive  norite,  but  no  junc- 
tion of  these  two  rocks  is  here  in  sight 

The  exception  referred  to  is  at  the  south-west  extremity  of  the 
belt  on  the  river.  Here  there  lies  against  the  eastern  side  of  the 
limestone  a  great  mass  of  greyish  or  brownish-black  rock  of  the 
Cortland  series.  It  is  mostly  pyroxenite,  moderately  coarse  in  grain, 
but  varies  to  a  kind  in  which  the  augite  individuals  are  half  an  inch 
broad,  and,  on  the  other  hand,  to  a  fine-grained  variety ;  aad  it  con- 
tains, besides  augite,  a  little  hornblende,  quartz,  calcite,  and  apatite. 
But  portions  of  the  mass  consist  of  coarsish  homblendite ;  and  a 
small  part  of  micaceous  augite-norite ;  and  there  are  also  broad  and 
narrow  bands  of  very  fine-grained  black  homblendic  mica-schist,  not 
showing  well  a  schistose  structure,  part  of  which  are  conformable  in 
strike  and  dip  with  the  beds  of  the  limestone,  while  others  are  in 
other  positions.  All  the  material  is  very  pyrrh otitic.  Besides,  it 
contains  the  remarkable  limestone  breccia,  of  which  a  portion  three 
feet  square  is  represented  on  p.  111. 

This  singularly-constituted  mass  shows  no  appearance  that  looks 
like  a  subdivision  into  dykes  or  veins,  except  in  the  bands  of  liorn- 
blendic  mica-schist ;  one  of  these  bands  has  a  border  of  the  mica- 
ceous augite-norite  just  mentioned.  In  the  limestone  just  north  of 
this  mass,  facing  the  river,  occur  the  supposed  dykes  or  veins 
mentioned  on  page  111.  Some  of  them  consist  of  pyroxenite; 
others  of  coarsish  homblendite ;  very  fine-grained  homblendic  rock 
looking  like  hornblende  schist  {Ae) ;  very  fine-grained  homblendic 
mica-schist ;  augite-nonte. 

As  already  admitted,  there  is  here  abundant  evidence  of  a  former 
plastic  state  in  at  least  part  of  this  augitio  and  homblendic  material. 
8till,  there  are  strong  reasons  for  questioning  the  idea  of  its  deep- 
seated  origin.  1.  The  variety  in  the  constitution  of  the  mass  border- 
ing the  limestone  and  in  the  supposed  dykes  or  veins  is  very  unlike 
what  is  ordinarily  found  in  regions  of  igneous  eruption.  2.  The 
supposed  veins  or  dykes  are  for  the  most  part  conformable  with  the 
bedding  of  the  limestone,  and  partake  in  its  flexures,  just  as  if  they 
had  been  originally  beds  alternating  with  the  limestone  depositions. 
3.  The  impregnation  of  the  limestone  along  the  junctions  with 
pyroxenic  or  homblendic  material,  sometimes  minute  crystals,  looks 
as  if  it  may  have  been  in  part  at  least  a  result  of  mixture  attending 
original  deposition. 

Further  {4),  there  is  the  decisive  fact  that  these  intercalated  ma^^e^ 
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are  represented  to  the  northward  by  bands  ten  feet  and  less  to  over 
thirty  feet  in  thickness,  of  a  black  fine-g^ned  mica-sohist,  very 
pyritiferous.  Going  from  the  Points  the  first  outorops  of  interstrati- 
fied  schist  and  limestone  oecar  after  an  earthy  interval  of  300  yards, 
and  here  the  mica-schist  is  hombUndie,  a  feature  it  loses  to  the  north- 
ward. These  beds  of  mica-schist  have  just  the  positions  of  most  of 
the  supposed  '*  veins/'  and  appear  to  be  dieir  more  northeiii  portions ; 
and  further,  among  the  more  northern  '*  veins  "  of  the  Verplanck 
shore,  some  are  simply  mica-achiiL  Such  facts  explain  also  many  of 
the  vein-like  bands  of  Montrose  and  Stony  Points.  The  difference 
in  mineral  constitution  between  such  interstratified  beds  to  the  north- 
ward and  on  the  shore  is  what  should  be  expected  ;  for  the  limestone 
is  bordered  to  the  eastward  in  the  one  case  by  true  mica-schist,  and, 
in  the  other,  by  augitic  or  homblendic  beds ;  and  the  associations  at 
Montrose  and  Stony  Points  are  similar.  This  view  is  also  sustained 
by  the  occurrence  in  the  limestone  near  the  schist,  1000  yards  from 
the  Point,  of  coarse  spots  of  pyroxene  with  mica  and  chlorite,  rudely 
in  layers,  which  must  be  due  to  the  original  deposition  of  impurity 
and  metamorphio  action.  The  augitio  rock  (pyroxenite)  on  the  east 
of  the  limestone  at  the  Point  outcrops  (owing  to  excavations  in  the 
drift)  for  200  yards  from  the  shore  ;  but  its  place  beyond  this  con- 
tinues covered  for  three- fourths  of  a  mile,  and  here  the  rock  is 
arenaceous  mica-schist ;  the  spots  of  pyroxene  are  its  only 
representative. 

The  essential  continuity  of  these  intercalated  beds  of  mica-scliist 
with  the  intercalated  beds  of  augitic  and  homblendic  material  alon<^ 
the  coast  proves  identity  of  origin,  and  origin  by  sedimentation.  It 
indicates  also  a  small  change  of  constitution  in  the  beds  as  they 
extend  in  that  direction.  The  plasticity  occasioned  in  part  of  the 
latter,  during  the  progress  of  the  metamorphism,  accounts  for  all  that 
looks  like  eruptive  phenomena,  even  to  the  broken  felspar  grains 
found  in  a  slice  of  the  pyroxenite  of  one  of  the  so-called  veins. 
There  is  nowhere  evidence  of  injection  into  or  through  cold  rocks. 

(4)  Vicinity  of  the  smaller  limestone  areas  of  the  Verplanck  Penifisida. 
— Six  small  limestone  areas  occur  in  the  Verplanck  peninsula.  They 
are  lettered  on  the  map  1  to  5  and  j.  Number  3  has  the  strike  of 
the  large  Verplanck  belt,  and  has  about  it  the  same  arenaceous  mica- 
schist.  The  othera  are  in  the  midst  of,  or  adjoin,  the  norite,  diorite, 
and  chrysolitic  rocks,  and  hence  might  be  put  down  among  the 
"  inclusions "  of  the  region.  In  addition,  they  have  a  north-west 
strike  (N.  17° — 40°  W.).  But  this  is  the  strike,  in  part  of  Cruger's 
limestone  area,  and  in  a  portion  of  the  Verplanck  belt,  so  that  the 
twist  is  not  confined  to  them.  And,  among  so  extensive  masses  of 
rock  that  became  plastic  or  fused  in  the  era  of  upturning,  this 
abnormal  position  of  included  strata  is  not  strange.  Numbers  2  and 
5  are  probably  parts  of  the  belt ;  and  numbers  1  and  4  may  be  in 
the  same  line,  though  disconnected  by  intervening  rocks.  The 
following  are  some  of  the  stratigraphical  facts  observed  among  them. 

No.  4,  at  Centerville,  has  at  middle  on  its  east  side  the  compact 
porphyritio  mica  rock,  Cb,  which  is  schistose  directly  adjoining  the 
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limestone  in  the  field  west  of  the  road,  and  has  the  strike  of  the  lime- 
stone N.  47®  W.  Bat  to  the  westward  in  the  field  (in  which  the 
limestone  can  be  traced  for  250  yards  with  a  change  of  strike  t4> 
N.  62®  W.)  the  mica  rock  changes  to  horn  blend  ite  and  quartz-diorite ; 
and  to  the  south-eastward  along  the  road,  augite-norite  appears 
within  a  few  feet  of  the  limestone,  both  the  felspathio  fine-grained 
(almost  oryptocrystalline)  variety  (Be),  and  the  coarser  dark  variety. 
Whether  this  latter  change  in  the  bordering  rook  is  due  to  a  fault  or 
not,  oould  not  be  ascertained ;  it  was  not  due  to  an  intrusive  dyke. 

No.  5  outcrops  on  the  railroad  at  5  (see  map)  and  on  two  roads  at 
5'  and  6'',  with  the  strike  N.  32®  W.  Between  Montrose  Station  and 
this  limestone  at  5^\  the  rock  is  norite,  excepting  some  greyish 
aogitio  rock  (Be)  at  the  comer  (Munger's),  where  the  road  turns 
west,  and  an  outcrop  of  chrysolitic  norite  (hypersthene  rook)  135 
yards  west  of  Hunger's.  Eighty  yards  beyond  the  chrysolitic  rock 
comes  the  outcrop  of  limestone.  One  hundred  and  fifty  yards  west 
of  the  small  exposure  of  limestone  on  the  north  side  of  the  road,  a 
ledge  commences  which  extends  along  for  nearly  350  feet,  with  no 
dyke-like  subdivisions.  It  eonsists  mainly  of  norite,  hut  with  some 
homblendite  and  norile-gneiss,  and  has  distinct  planes  of  bedding  in 
several  places,  all  of  which  are  conformable  to  one  another.  The  strike 
of  its  beds  is  N.  27®  W.,  or  nearly  that  of  the  limestone,  and  the  dip 
60°  to  70°  E.     Part  of  the  norite  is  garnetiferous.     Figures  18,  lU 
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represent  the  stratification  observed  in  the  ledge — Fig.  18  the 
eastern  portion,  and  19  the  western  ;  forty  feet  of  earthy  interval 
separates  the  two.  At  the  east  end,  at  a,  the  rock  (as  a  slice  shows) 
is  homblendite  (with  about  equal  proportions  of  orthoclase  and 
triclinic  felspar),  and  it  is  schistose.  It  passes  at  the  place  to 
ooarsish  quartz-diorite.  At  &,  it  is  well-defined  micaceous  gneiss  or 
norite-gneiss,  affording  perfect  observations  of  the  strike  and  dip. 
West  of  this  the  rock  is  mainly  norite  and  augite-norite.  At  c,  for 
eight  feet,  black  bands  (or  beds  less  felspathic  than  the  rest) 
alternate  with  the  ordinary  grey-black  rock,  and  exemplify  the  con- 
formability  stated,  though  without  divisional  planes ;  at  d,  are 
divisional  planes  in  the  grey-black  augite-norite,  having  the  strike 
N.  27®  W.  and  dip  70°  E.  At  e,  is  a  much  decomposed  micaceous 
gneissic  layer  (norite-gneiss  apparently)  conformable  in  strike,  but 
varying  in  dip  from  40®  E.  to  60^  E. ;  at  /,  a  distinct  bed  of  light- 
coloured  very  felspathic  augite-norite,  deeply  decomposed,  having 
the  conformability ;  at  g,  or  the  west  end,  the  rock  is  again  viivaor 
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C60U8  and  gneissio,  with  some  garnets;  the  bedding  distinot,  and 
N.  27°  W.  in  strike  as  at  the  east  end. 

This  ledge,  although  made  op  mainly  of  massiTe  norite  and  aogite- 
norite,  bears  thus  positive  evidenoe  of  its  having  onoe  had  bedding 
throughout,  and  affords  thereby  a  demonstration  that  its  norite  is  of 
metamorphio  origin,  and  that  Uie  associated  beds  comprised  also  the 
limestone  of  the  region. 

{(S)  A  bed  of  quartxiU  in  norite, — ^About  half  a  mile  east  of  the 
limestone  number  5,  about  the  Montrose  Station,  the  rock  is  the 
ordinary  dark-coloured  norite.  120  yards  up  the  road  going  north- 
eastward from  the  station,  a  bed  of  whitish  granitoid  quartgite  outcrops 
on  the  roadside  for  seventy  yards,  first  on  the  west  and  then  on  the 
east  side.  This  bed  of  quartzite  overlies  norite.  The  norite  near  the 
quartzite  is  micaoeous,  quartzose  and  schistose,  and  that  underneath 
is  of  the  ordinary  massive  kind.  There  is  evidence  also  that  the  bed 
of  quartzite  has  norite  above  as  well  as  below  it  The  quartzite 
looks  somewhat  like  a  pale  quartzose  porphyritic  granite ;  but,  as 
observed  in  thin  slices,  the  quartz  consists  of  aggr^;ated  grains  like 
sandstone ;  showing  a  resemblance  to  the  Peekskill  quartzite.  The 
felspar  is  mainly  orthoclase. 

C.  Conclusions  as  to  the  Cortland  Books. 

Many  more  observed  facts  might  be  here  reported.  But  the  above 
appear  to  be  sufficient  to  settle  the  question  as  to  the  relations  of  the 
rocks  of  the  Cortland  series.  They  appear  to  sustain  fully  the 
following  conclusions : — 

(1)  These  rocks,  although  they  include  soda-granite,  norite, 
angite-norite,  diorite,  homblendite,  pyroxeuite,  and  chrysolitic 
kinds,  are  not  independent  igneous  rocks  erupted  from  great  depths. 

(2)  However  complete  their  former  state  of  fusion  or  plasticity 
may  have  in  some  cases  been,  they  are  metamorphio  in  origin. 

(3)  The  strata  that  underwent  the  metamorphism  were  one  in 
series  and  conformability  with  the  adjoining  schists  and  limestone, 
and  were  part  of  the  Westchester  limestone  series.  (They  are  younger 
rocks  if  of  different  age,  since  they  contain  and  intersect  portions  of 
the  Yerplanck  limestone.) 

(4)  These  Cortland  rocks  differ  from  the  other  Westchester  County 
rocks  because  the  metamorphio  process  had  to  do  with  sedimentai-y 
l>eds  that  differed  in  constitution  or  were  in  some  respects  under 
different  conditions  from  those  that  existed  elsewhere. 

On  the  view  reached,  it  follows  that  the  limestones,  schists,  and 
other  rocks  of  the  Cortland  region  originally  constituted  together  one 
series  of  horizontal  strata.  They  underwent  an  upturning  through 
subterranean  movements,  and  in  the  course  of  it,  they  became 
metamorphosed  ;  part  into  mica-schist  and  gneiss,  part  by  loss  of 
bedding,  into  the  massive  rocks.  The  number  of  these  rocks  does 
not  imply  widely  different  ingredients  in  the  original  strata.  For 
hornblendite  and  pyroxenite  have  the  same  chemical  constitution; 
the  chrysolitic  rocks  contain  no  ingredient  not  in  them  also,  and  are 
peculiar  mainly  in  their  less  proportion  of  silica.     Moreover,  the 
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diorite,  norite,  and  angite-norite  are  alike  in  containing  the  same 
basee  in  nearly  the  same  proportions.  The  soda-granite  differs  in 
chemical  constituents  only  through  its  mica,  which  indicates  the 
prosenoe  of  potash;  hut  the  other  rocks  also  are  often  micaceous 
and  contain  in  addition  more  or  less  orthoclase.  Silica,  alumina, 
iron  protoxide,  magnesia,  lime,  soda,  potash,  are  all  the  essential 
ingredients  obtained  in  analyses  of  these  various  rocks  (excluding 
the  magnetite,  apatite,  pyrrhotite,  and  pyrite) ;  and  it  is  not 
mysterious,  therefore,  that  such  rocks  should  be  among  the  results 
of  metamorphism. 

The  geologist  will  nowhere  on  the  continent  find  a  more  instructive 
«pot  for  a  day's  walk  than  in  the  western  portion  of  the  Cortland 
region.  Starting  from  Cruger's  Station  (37  miles  from  New  York 
City),  a  walk  of  half  a  mile  brings  him  to  the  western  brick-yard  shed ; 
going  north  from  here  by  a  wood  road  carries  him  along  section  d, 
and  in  less  than  a  mile  in  a  northerly  direction  (passing  brick-yards 
at  the  end  of  it)  he  will  reach  Montrose  Point  and  the  chrysolitic 
Tocks ;  following  these  around  by  the  shore  for  about  a  mile  he  will 
then  pass  a  brick-yard  on  the  Point,  and  beyond  it  find  the  nontes 
and  chrysolite  rocks  together ;  a  mile  and  a  half  more  (passing  on 
the  route  the  large  Yerplanck  ice-house)  will  take  him  to  Broadway, 
in  the  village  of  Yerplanck,  near  the  foot  of  which  street,  on  the 
shore,  occur  the  limestone  and  its  associated  augitic  and  homblendic 
rocks.  Thus,  in  a  distance  of  seven  miles,  he  will  see  a  wonderful 
diversity  of  rocks  and  facts.  Possibly  he  may  be  convinced,  at  the 
end  of  the  walk,  that  igneous  eruption  explains  everything.  But  let 
him  go  over  this  ground  a  second  time  more  carefully,  then  trace  the 
rocks  of  Verplanck  Point  north-eastward,  and  afterward  extend  his 
walks  in  other  directions  over  the  Cortland  region,  and  he  may  see 
enough  to  satisfy  himself  finally  that,  although  there  has  been  fusion 
and  some  eruption,  it  was  not  eruption  from  the  earth's  deeper 
recesses,  like  that  which  brought  up  trap  (dolerite)  through  a  series 
of  great  fissures  for  a  thousand  miles  along  the  Eastern  Atlantic 
border,  from  the  Carolinas  to  Nova  Scotia,  all  of  it  rock  of  one  kind 
essentially,  but  eruption  from  less  depths,  not  greater  than  the  lower 
limits  of  a  series  of  formations  that  were  subjected  together  to  fold- 
ings, fractures,  and  metamorphic  change,  and  mostly  far  short  of  this. 


rV. — WooDWARDiAN  Laboratory  Notes.* 
Part  III. — ^The  Baoshot  Beds  of  the  Bagshot  District. 

By  W.  H.  Herhies,  B.A.  Cantab. 

THE  district  to  which  the  following  notes  refer  is  that  which  lies 
between  Bagshot,  Woking,  Aldershot,  Farnborongh  and  Ascot. 
It  consists  mainly  of  heath-land,  and  seems  but  little  known  to 
geologists ;  in  fact,  the  only  authority  for  the  beds  included  in  this 
area  is  Professor  Prestwich,  who,  in  his  paper  on  the  Bagshot  Beds 
[Q.J.G.S.  vol.  iii.  (1847),  p.  278],  has  supplied  all  the  information 
about  the  district  that  is  at  present  known.     He  divided  the  beds 

»  Continued  from  Decade  II.  Vol.  VII.  1880,  p.  458. 
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into  an  Upper  Sandy  series,  a  Middle  Clayey  series,  and  a  Lower 
Sandy  series.  The  Middle  series  he  grouped  with  the  Braoklesham 
of  the  Hampshire  hasin.  The  Upper  he  placed  between  the  Braokle- 
sham and  Barton ;  our  present  object  is  to  show  that  it  is  more 
nearly  related  to  the  latter. 

Upper  BagshoU-^This  is  best  exposed  in  the  Foxhills  and  in 
Frimley  ridges.  The  series  consists  entirely  of  white  and  yellow 
sands,  with  no  pebble-beds,  by  which  it  is  distinguished  from  the 
Lower  Bagshot  sands.  Professor  Prestwich  has  recorded  a  few 
casts  of  shells  and  other  obscure  remains,  chiefly  from  the  cutting 
through  the  ridge  on  the  South  Western  main-*line  near  Frimley 
Green.  I  have  been  so  fortunate  as  to  discover  a  better  locality, 
and  have  been  able  to  add  considerably  to  his  list.  This  place  is 
the  cutting  on  each  side  of  the  tunnel  through  the  ridge  in  the 
new  Line  from  Brook  wood  through  North  Camp  and  Aldershot  to 
Farnham.  This  cutting,  which  is  not  marked  on  the  Ordnance 
Maps,  lies  between  the  words  "  Pirbright  Common  "  and  "  Mitchet 
Lake."  The  section  shows  nothing  remarkable,  and  is  entirely  in 
the  Upper  Bagshot.  It  consists  of  loose  yellow  sands,  with  one 
or  two  whiter  and  rather  harder  bands,  capped  by  drift  g^vel. 
The  fossils  occur  either  loose  in  the  sand,  or  imbedded  in  small 
irony  concretions,  which  lie  scattered  all  through  the  bed.  From 
this  cutting,  and  from  the  refuse  heaps  on  the  side,  I  have  been. able 
to  secure  a  fair  collection  of  fossils,  though  nearly  all  unfortunately 
are  in  the  state  of  irony  casts.  This  renders  specific  identification 
difficult,  but  Mr.  Tawney  and  Mr.  H.  Keeping,  of  the  Woodwardian 
Museum,  Cambridge,  have  kindly  identified  for  me  the  following. 
The  abundance  or  paucity  of  their  occurrence  is  indicated  by  letters, 
while  it  is  indicated  within  brackets  whether  the  form  occurs  at 
Barton  or  Bracklesham,  or  both. 


I 


v.c.  Dentalium,  sp.   (like  a  lar]^  un- 

dcscribed  Brook  Bpecies). 
c.     Solatium  bistriaium  ?  (L.  Eocene). 

canalieulatum  P 

c.     Fhorusy  two  species. 
Littorina^  sp. 
iNatica  labellata  P  (both). 

v.c.  J ambulacrum  (both). 

( patula  (both). 

sp.  like  -iV.  conoides  (Bk. 

only). 
v.c.  Turritella  imbrirataria  (both). 

sp.  or  Niso  ? 

c.      RosUllaria  rimotta  (both). 

I'unttSy   sp.,   perhaps  young  of  F. 

longcevus  (both). 
Toluta,  sp. 
CanceUnria,  sp, 
c.      Terebellum,  sp. 

r.      Volvaria  aculiuseula  (Barton  only). 
Bulla  attenuata  (both). 

pp. 

v.c.   Oatrea  Jlabellula  (both). 

A  consideration  of  the  above  list  tends  to  show  a  position  rather 


Ottrea,  sp. 

Peetm    triffinla-'radiatut   P  P    (Bk. 
only). 

c*    carinattu  P  (Barton), 

C.    Cardita  sulcata  P  (Barton). 

Nucula  timilit. 

(Corbulajicus  P  (Barton  only). 
\ pisum  (both). 

ttriata  (both). 

Tdlina  scalaroides  (Brook  only  ?). 

sp. 

Craasatella  sulcata  ?  (Barton  only). 

Cythtrea,  more  than  one  species. 

Cardium  twgidum  P 

sp. 

Protoenrdiumy  sp. 

Lucina  mitts  (both). 

Rigaultiana  (Barton  only). 

r.    Claragclla  eoronata  (Barton  only). 

Many  casts  of  bivalves  indetermin- 
able, 
r.    Scrpuhrbis  Marshii  (both). 

Wood. 


c. 

c. 

c. 

c. 
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aiboTe  the  Bncklesham.  md  seems  to  assign  to  the  Upper  Bagshot 
of  the  london  basin  a  position  almost  equivalent  to  the  Barton  of  the 
Hampshire  basin.  It  wonlil  also  indicate  that  that  part  at  least  of  the 
Hampshire  basin  Upper  Bagshot  which,  at  its  summit  immediately 
under  the  freshwater  Lower  Headon  at  Hordwell,  contains  0/ira 
Bromderi  and  C  (  Mearya)  comeavum^  is  a  distinct  and  probably  higher 
horiam.  There  are  many  exposures  of  the  Upper  Bagshot  in  the 
TidgeSy  bat  at  only  three  others  have  I  found  fossils,  and  these  fossils 
are  not  to  be  compared  in  state  of  preservation  with  those  in  the 
Tnnnel  Hill  cuttings.  These  places  are  the  old  cutting  on  the  main 
line  where  Prof.  Prestwich  found  his  specimens  {loc^  ciL  p.  893) ; 
a  new  cutting  at  Crawley  Hill  in  the  new  railway  from  Frimley  to 
Ascot,  and  a  road  cutting  on  the  side  of  the  hill  near  Heatherside 
musery  gardens.  It  is  remarkable  that  the  fossils  should  be  so  com- 
paratively well  preserved  only  in  one  place,  while  in  the  others  they 
are  usually  friable  pseudomorphs  of  iron  sand,  often  hollow,  and  only 
having  the  general  shape  of  the  fossils  they  represent,  no  markings 
being  preserved. 

Middle  Bagshot, — On  good  fossil  evidence  this  was  referred  by 
Prof.  Prestwich  to  the  Bracklesham,  and  sections  were  given  by  him 
in  the  paper  referred  to  above  of  the  chief  fossil  localities,  viz.  Golds- 
worthy  Hill  and  Ghobham  Place.  Strange  to  say,  at  the  former  of 
these  places  I  have  not  been  successful  in  finding  any  fossils,  though 
I  have  carefully  searched  as  much  of  the  cutting  as  is  still  exposed, 
it  being  now  much  overgrown.  A  fine  section  is,  however,  now  open 
in  the  new  line  between  Frimley  and  Ascot,  about  a  mile  from  Ascot 
station. 

The  beds  shown  are  in  descending  order. 

Upper  Bagshot  ?  1.  Yellow  sands    feet  inches. 

^  Iron  band 0  1 

Yellow  sands    2  6 

Pebble-bed  often  in  a  greenish  matrix 0  10 

Middle  Bagshot     A  Yellow,  white,  red,  laminated  sandy  clays  ....  10  0    about 

Pebble-bed 0  2 

Yellow  and  liver-coloured  laminated  sands  ....  3  0 

i^Oreen  sand,  fossiliferous  yellow  sand    12  0    about 

Lower  Bagshot        Yellow  sand. 

In  the  Greensand  bed  fossils  occur  in  a  particular  band.  The 
following  have  been  found  here  : — 

c.      Feetm  eomfua. 


Fhorus,  sp. 
T.c.  Naticay  sp. 
c.      FuiU9  Ungtgvtu, 

Turritellay  sp. 

VolutUf  sp. 
T.c.  Oilrea  JIaMlula. 

sp. 


T.c.  Corbula  galliea. 

T.c.  Cardita  planieoBla, 
aetttieoBta, 

c.      Cytherea  obliqwi  P 

Cardium  semigranulatum, 
pofuiosum. 


The  fossils  are  invariably  casts  and  often  curiously  distorted.  In 
this  section  the  pebble-beds  are  very  thin,  but  towards  the  east  they 
swell  out.  In  a  shallow  road  cutting  near  the  Queen's  Clump,  about 
half  a  mile  west  of  Long  Cross,  the  fossiliferous  greensand  again 
appears,  and  is  there  capped  by  about  six  feet  of  pebbles.  Near 
Ottershaw  the  pebble-beds  must  be  ten  feet  or  more,  and  are  always 
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iu  the  greensand.  The  pebblea  are  mostly  flint»  but  I  have  foand 
a  quartz  pebble.  The  foMils,  it  should  be  noted,  are  always  in  the 
greensand  ;  fossil  localities  are,  the  railway  cutting  described  above, 
the  road  cutting  near  Long  Cross,  a  ditch  cutting  in  the  road  near 
Fellow  End,  cuttings  S.  and  W.  of  Chobham  Place,  and  at  Knowle 
Hill ;  all  these  places  lying  north  of  the  Upper  Bagshot  ridge. 
Prof.  Prestwich  mentions  besides  Goldsworthy  Hill  near  Woking, 
and  the  cutting  at  Shapely  Heath  near  Winchfield,  but  at  neither  of 
these  places  have  I  been  successful  in  finding  fossils. 

Lower  BagahoL — One  of  the  best  exposures  of  these  beds  in  this 
district  is  at  St.  Anne's  Hill  near  Chertsey.  The  upper  part  of  this 
hill  is  one  large  pebble-bed,  the  lower  consists  of  light-ooloured 
sands  with  thinner  pebble-beds.  A  large  sand  pit  has  been  opened 
on  the  north  side.  In  the  refuse  heaps  of  this  pit  I  noticed  some 
large  blocks  of  white  sandstone  exactly  like  the  Sarsen  stones  found 
in  the  drift  gravel.  I  did  not  see  any  in  situ  in  the  pit,  but  the 
workmen  told  me  that  they  occurred  irregularly  in  the  sand,  and 
they  seemed  to  be  merely  consolidated  portions  of  the  sand  itself. 
Some  of  the  pebble-beds  are  likewise  solidified  and  form  hard 
conglomerates.  This  is  the  only  instance  of  stone  resembling  Sarsen 
stone  that  I  have  seen  in  the  Bagshot  beds.  Professor  Prestwich 
states  that  Sarsen  stones  occur  in  the  Upper  Bagshot  just  below  the 
drift  gravel :  with  this  however  I  cannot  altogether  agree ;  for  though 
I  have  examined  many  Upper  Bagshot  pits,  I  have  never  seen  a 
Sarsen  stone  in  the  Upper  Bagshot  beds  themselves;  it  is  true  I 
have  seen  bimdreds  in  the  overlying  drift  gravel. 

The  pebble-beds  of  the  Lower  Bagshot  are  chiefly  flint,  though 
sometimes  pieces  of  ironstone  are  found,  probably  from  the  Lower 
Greensand. 

I  have  found  no  fossils  in  the  Lower  Bagshot  except  vegetable 
remains,  which  are  generally  obscure.  A  bed  in  a  pit  near  Golds- 
worthy  Hill,  consisting  of  light-coloured  sandy  foliated  clays,  lying 
just  above  the  Lower  Bagshot  Sands,  is  full  of  stalk-like  impressions. 
In  the  Sarsen  stones  carbonaceous  pipes  are  often  common. 

V. — On  a  Shell-bed  at  the   Base  op  the   Drift   at   Spseton 

NEAB  Filet,  on  the  Yorkshire  Coast. 
By  G.  W.  Lampluoh. 

Introduction, — A  few  miles '  north-west  of  Flambro  Head  the 
Chalk,  after  grandly  edging  the  sea  with  sheer  cliffs  of  over  400 
feet,  recedes  inland  ;  its  steep  high  scarp  making  at  first  an  angle  of 
about  20°  with  the  coast 

Between  these  Chalk  Wolds  and  the  Oolitic  range  opposite  is  the 
broad  flat  Vale  of  Pickering,  which  is  based  on  soft  clays  and 
shales  belonging  to  the  Neocomian  and  Kimmeridge  series,  deeply 
covered  with  glacial  and  modem  alluvial  deposits.  Where  inter- 
sected by  the  sea,  the  Yale  has  a  width  of  about  four  miles, 
but  expands  inland  into  a  broad  plain ;  to  contract  again  beyond 
Mai  ton  into  a  mere  cutting,  by  which  the  Derwent  has  forced  its 
way  through  the  Oolitic  hills  into  the  plain  of  York.     At  its  eastern 
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end  the  glacial  deposits  are  of  great  thickness,  hat  slope  away 
inlaod,  and  are  soon  overlaid  hy  the  low-lying  modem  peats  and 
silts ;  and  it  is  this  drift  harrier  alone  which  prevents  the  Derwent 
from  now  flowing  directly  into  the  North  Sea;  as  it  would  seem  to 
to  have  done  in  Pre-Olaoial  times. 

The  little  village  of  Speeton  is  perched  on  the  edge  of  the  chalk- 
scarp  just  after  it  has  left  the  coast ;  and  helow  it  are  the  sections 
which  have  already  made  the  name  familiar  to  geologists.  On  its 
right,  at  the  hase  of  the  high  cliffs,  is  the  well-known  outcrop  of 
Bed  Chalk,  nowhere  so  well  seen ;  whilst  the  low  cliffs  immediately 
helow  the  village  consist  chiefly  of  that  mass  of  clays  and  shales 
whose  slipped  and  intricate  sections  have  heen  so  ably  deciphered 
by  Professor  Judd/  who  has  found  in  them  representatives  of  the 
Neocomian,  Portlandian,  and  Kimnieridge  ages. 

Nor  is  the  interest  of  these  cliffs  even  now  quite  exhausted,  for» 
though  as  yet  little  noticed,  at  first  overlying  but  soon  overlapping 
and  hid  hy  the  Secondary  clays,  are  some  of  the  finest  and  roost 
complete  drift  sections  of  a  coast  famous  for  its  drift  sections ;  and, 
at  the  base  of  the  drift,  is  a  bed  of  sand  with  shells ;  to  which  I 
would  now  draw  attention. 

Description  of  the  bed. — The  first,  and,  so  far  as  I  am  aware,  the 
only  previous  notice  of  this  bed,  is  contained  in  the  drd  edition  of 
Prof.  Phillips's  "  Geology  of  Yorkshire,  Part  I.,"  where  he  gives  the 
following  brief  account  of  it  (p.  100),  which  will  serve  to  describe 
its  position  : — "Whilst  searching  these  (i.e.  the  Neocomian)  cliffs  in 
the  autumn  of  I860,  I  discovered  a  considerable  bed  of  shelly  sand 
under  or  in  the  lower  part  of  the  drift  at  a  considerable  height  above 
the  shore,  and  took  measures  and  bearings  to  recover  the  spot  The 
shells  then  found  were  all  Dimyaria  ( Cardiac  Telltna,  Amphidesma 
Listeri,  Mactroe  and  Psammobia),  shells  of  a  sandy  shore;  they 
were  often  found  with  valves  united.  Only  living  species  were 
found,  unless  a  very  large  Cardium.  much  resembling  C\  Parkinsoni 
of  the  Crag,  were  really  of  that  species.  This  shell-bed,  re-examined 
in  1872  by  Mr.  J.  E.  Lee  and  myself,  yielded  the  same  shells,  with 
a  portion  of  Cyprina  islandica  ^  and  a  Littorina  with  colour  bands 
preserved. 

"The  situation  is  nearly  over  the  contorted  pebble-beds,  at  a 
height  of  105  feet  from  the  shore,  the  drift  rising  here  to  160  feet. 
The  shelly  sands  are  seen  to  be  covered  by  a  clay -drift  with  chalk 

*  Quart.  Joiirn.  Geol.  Soc.  vol.  xxiv.  p.  218. 

'  I  think  it  doubtful  whether  this  was  really  obtained  from  the  shelly  sands,  but 
had  not  rather  been  washed  on  to  their  surface  from  the  overlying  Boulaer-clay ;  for 
it  b  hardly  likely  that  a  fragment  of  so  strong  a  shell  as  C.  islandica  should  be 
found,  when  such  comparatively  delicate  shells  as  Scrobicularia  piperata  have  been 
deposited  unbroken  ;  for  though  these  shells  are  now  almost  always  found  so  crushed 
as  to  make  it  difficult  to  recognize  them,  this  has  been  done  after  they  were  buried, 
for  the  fragments  alwa3r8  remain  together  and  are  in  no  wise  rolled.  Most  careful 
search,  also,  has  failed  to  reveal  to  me  another  particle,  whereas  worn  frag- 
ments of  this  shell  are  rather  abundant  in  the  clay  above,  which  is  constantly  washing 
down  and  nmnlcing  the  sand  bed.  As  Prof.  Phillips  considered  the  bed  of  Drift-age, 
he  would  not  consider  this  of  much  import. 
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fragments  in  unusual  abundance  ^  immediately  over  the  sands.  Tbese 
are  10  feet  thick ;'  they  are  traced  downwards  to  within  8  feet  of 
the  Eimmeridge  Clay ;  but  this  junction  has  not  been  actually  seen, 
and  it  is  supposed  that  a  small  band  of  drift-clay  may  underlie  the 
shells.  It  is  obviously  a  portion  of  the  old  sea-bed,  and  may  be 
compared  to  the  so-called  Crag  at  Bridlington  and  the  shell-bed 
found  by  Sir  C.  Lyell  at  the  base  of  Dimlington  Cliff. 

(Here  followa  a  rough  sketch  of  the  bed,) 

"About  forty  years  since,  Mr.  Bean  showed  me  some  of  these 
shells,  and  I  was  struck  by  the  resemblance  to  Crag,  both  of  the 
shells  and  the  yellow  sandy  matrix ;  but  my  friend,  supposing  them 
to  have  been  collected  by  birds,*  did  not  inform  me  of  the  locality, 
and  appears  not  to  have  made  further  research.  This  is,  I  believe, 
the  only  notice  which  has  been  published,  though  soon  after  my 
examination  in  1855  a  communication  on  the  subject  was  made  to  the 
Ashmolean  Society  at  Oxford.  Though,  as  I  believe,  only  one  bed 
of  these  shells  occurs,  the  slipping  of  the  cliffs  has  made  a  kind  of 
double  escarpment,  so  that  when  first  seen  in  1855,  there  was  a 
large  exposure ;  and  but  for  other  occupations,  measures  would  have 
been  taken  to  excavate  largely,  and  obtain  a  more  complete  descrip- 
tion of  the  deposit." 

To  those  acquainted  with  these  cliffs  or  with  Prof.  Judd's  paper 
on  the  "  Speeton  Clay,"  it  may  assist  the  above  account  of  the 
position  of  the  bed,  as  the  contorted  pebble  beds  (Portlandian)  are 
never  now  seen,  to  add  that  this  exposure  is  on  the  ridge  which 
divides  "Middle  Cliff"  from  "New  Closes  Cliff,"  on  which,  when 
seen  in  profile,  the  slip  mentioned  by  Prof.  Phillips  makes  a  well- 
marked  terrace.* 

When  I  first  examined  it  two  years  ago,  I  soon  saw  that  there 
was  a  much  better  exposure  than  in  Prof.  Phillips*  time,  the  slip 
which  causes  it  having  gradually  sunk  to  a  lower  level,  thus  baring 
a  greater  thickness  of  the  sand,  which  is  also  seen  to  change  its 
character  in  its  lower  part,  and  to  contain  three  or  four  species  of 
shells  which  are  absent  from  the  upper  part  of  the  bed.  In  fact,  so 
low  had  the  terrace  sunk,  that  I  was  able  with  the  help  of  a  spade 
to  demonstrate  the  non-existence  of  the  supposed  underlying  band 
of  Boulder-clay.  At  the  time  of  writing  the  slip  shows  signs  of  a 
general  break-up ;  so  that,  unless  a  fresh  mass  come  down  from 
above,  we  may  hope  shortly  to  have  a  perfectly  clear  section  down 
to  the  Neocomian. 

'  This  was  probably  really  the  chalky  gravel  presently  to  be  described  as  capping 
the  bed,  with  a  masking  of  Boulder-clay. 

*  1  found  them  to  be  14  feet. 

'  A  sourccj  of  much  trouble  in  collecting  from  the  drifts  on  the  coast ;  for  the  sea- 
birds  carry  molluscs  into  the  cliffs  to  break  and  eat,  and  the  fragments  get  washed 
into  the  clays  and  gravels. 

*  Any  one  looking  for  this  bed  might  find  it  difficult  to  hit  upon,  owing  to  the 


) 


this  reason. 
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Clipf  Top. 


Instead  of  Boulder-clay,  I  found  a  slight  thickness  of  gravel  of  a 
purely  local  character  to  underlie  the  shelly  sands,  consisting  entirely, 
as  far  as  I  could  see,  of  much  stained  Bed  and  White  Chalk  pebbles, 
Neocomian  nodules,  plates  of  Upper  Eiinmeridge  shale,  with  many 
fragments  of  fossils,  chiefly  BelemniteSy  not  much  rolled,  from  the 
Bed  Chalk  and  Neocomian,  and  an  occasional  Oolitic  pebble.  I  have 
also  found  in  the  bed  itself  a  pebble  of  jet  from  the  Upper  Lias. 
This  gravel  rested  directly  on  the  lower  part  of  the  Lower  Neoco- 
mian, the  Astierianus  band  of  Prof.  Judd,  containing  Belemnitea 
latertiiia  and  Exogyra  sinuata  in  abundance  ;  and  not  on  Eimmeridge 
Clay. 

The  section  from  the  cliff-top  to  the  Neocomians  then  stood  as 
follows : — 

If  the  top  red  clay  be  traced  north- 
ward, it  is  found  to  separate  into  two  well- 
marked  divisions,  the  upper  of  which  is 
red  and  the  lower  brown,  with  gravels 
and  sands,  sometimes  of  great  thickness, 
between  them.  Here,  however,  they  are. 
mingled,  and  no  line  can  be  seen.  Th9 
Boulder-clays,  except  the  top  red  clay, 
contain  shell  fragments  sparingly  scat- 
tered through  their  mass,  which  differ 
widely,  however,  from  those  contained  in 
the  bed  below ;  Dentalium,  two  or  three 
species  of  Astarte,  Cyprinay  Mya,  Saxi' 
cava,  etc.,  occurring  amongst  others,  and 
of  course  the  ubiquitous  Tellina  Balihica^ 
which  never  fails  a  Yorkshire  Post-Ter- 
tiary shell-list 


Reddish  Boulder-clay, 
30  feet. 


Sand  and  Gravel,  5  feet. 


Dark  Boulder-clay, 
10  feet. 


Sandy  Shell  bed, 

16  fettt. 

With  thin  gravel  above  and 

below. 


Lower  Neocomian. 


The  shell-bed  itself  is  made  up  as  follows  : — 


Fine  chalky  gravel 

Dark  clayey  sand  ;  few  sheUs.  Soft  yellow  sand  with  indu- 
rated lumps:  many  shells,  Cardium  edule,  T,  BaUhicay 
Hcrobicularia  piperata;   passing  into 

Dark  blue-black  muddy  sand,  with*  a  foetid  odour :  with  a 
few  pebbles  and  plates  of  Kimmeridire  shale :  many  shells 
—  T.  Balthiea,  C.edule,  Utricufu4iobtu8us^  Hydrobiaulv<r, 
plentiful;  LWorina  littorea  and  Z.  rudisj  rare;  at  the 
very  bottom — Mytilwt  edulia 

Gravel  of  Red  and  White  Chalk,  broken  Neocomian 
fossils,  etc.         ...  ...  ...  ...       about 


Thickness. 
ft.  ins. 
6 


9     2 


5     1 


I     6 


16     3 


The  shells  are  in  so  bad  a  state  of  preservation  that  it  is  veiy 
difficult  to  remove  them.  More  especially  is  this  the  case  in  th^ 
upper  part  of  the  bed,  where  the  water  which  oozes  out  from  the 
soaked  sand  below  percolates  more  freely. 
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The  following  species  have  been  obtained :  * 


Teliina  BaUhiea, 
Faammobia  sp.  (fide  Phillips^. 
Mactra  sp.        ( „  ,,    ). 

Scrobieularia  piperaia, 
Cardium  edule. 


MytiluB  edulis. 
Littorina  littortm, 

„       rud'9y  Tar. 
Mydrobut  ulva. 
Utrieulut  obiunUf  tw.  pretenMti, 


I 


As  noticed  by  Prof.  Phillips,  the  bivalves  generally  occur  with 
valves  united ;  but  they  are  not  often  in  the  attitude  of  life ;  usually 
having  the  umbos  upwards,  and  with  the  valves  gaping  open. 
Single  shells  do  occur,  and  also  an  occasional  imperfect  valve ;  but, 
on  the  whole,  they  show  very  few  signs  of  wave  action,  and  appear 
to  have  been  left  by  quietly  receding  tide-waters  on  a  muddy  flat 
Another  proof  of  the  quietness  of  the  waters  is  the  sharply-fractured 
and  uiiabraded  state  of  the  broken  BeUmniteB^  which,  with  a  few 
other  pebbles,  are  sparsely  scattered  through  the  lower  part  of  the 
sands. 

That  the  bed  accumulated  slowly  is  shown  by  the  difference  in 
fauna  and  lithological  character  between  the  upper  and  lower  parts 
of  the  deposit ;  the  result  of  some  slight  and  gradual  change  in  the 
surrounding  conditions,  probably  a  slight  deepening  of  the  water 
with  an  accelerated  current. 

The  shells  confirm  the  idea  strongly  suggested  by  the  shape 
of  the  ground  that  the  beds  were  formed  at  the  mouth  of  a  quiet 
tidal  estuary.  When  the  waters  of  the  sea  stood  at  the  level 
indicated,  the  glacial  and  later  beds  which  now  cumber  the  Yale 
being  then  unformed,  what  is  now  the  Vale  of  Pickering  would 
then  be  a  wide,  shallow,  land-locked  estuary  receiving  the  copious 
drainage  of  the  Eastern  Moorlands,  which  now  flows  through  the 
narrow  gorge  at  Castle  Howard  to  join  the  Ouse.  The  piece  of 
light  jet  found  in  the  deposit  tells  of  distant  erosion  in  the  Upper 
Lias,  having  doubtless  been  brought  down  by  the  old  river  from 
the  higher  reaches  of  the  valley,  north  of  Pickering. 

Unfortunately  the  above  limited  shell-list  yields  us  little  evidence 
as  to  the  age  of  the  bed.  Tellina  Balthica,  however,  shows  that  it 
cannot  be  so  old  as  the  Red  Crag ;  and  as  it  will  be  shown  to  underlie 
the  oldest  Yorkshire  Glacial  deposit,  its  age  must  lie  somewhere 
between  then  and  early  Glacial  times. 

Its  Extent  and  Stratigraphtcal  Relations, — By  far  the  clearest  and 
best  exposure  of  these  shelly  sands  is  the  one  described  above,  on 
the  dividing  ridge  between  "  Middle  "  and  **  New  Closes  Cliff,"  about 
half  a  mile  north  of  Speeton  Gap  (where  the  Chalk  ends).  On 
the  south  side  of  this  ridge  they  end  abruptl}',  having  been  carried 
away  by  a  huge  slip,  and  portions  of  them  may  sometimes  be  seen 
down  at  the  level  of  high-tide;  but  beyond  this,  though  I  have 
carefully  sought  over  the  slipped  ground  up  to  the  foot  of  the 
chalk  scarp,  I  have  not  been  able  to  find  any  traces  of  them.  The 
accompanying  chalk-gravel,  rapidly  increasing  in  thickness  and  in 
roughness  as  we  approach  its  parent-slope,  can  be  followed  through- 

^  I  have  to  thank  Dr.  Gwyn  Jeffreys  for  his  kindness  in  examining  these  shellB 
for  me. 
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out,  but  without  further  signs  of  shelly  sand,  which  probably 
therefore  thins  out  as  the  Neocomian  clays  rise  to  a  higher  level, 
and  we  approach  the  high-water  mark  of  the  old  estuary.  It  is, 
indeed,  tolerably  certain,  that  in  this  exposure  the  beds  have 
reached  their  greatest  development,  for  north wai'd  from  this  point 
the  underlying  Secondary  clays  show  a  steep  denudation  slope, 
which  reaches  the  beach  at  the  north  end  of  New  Closes  Cliff; 
8o  that  if  all  the  drift  were  removed,  a  broad  flat  terrace  of 
Neocomian  clays,  coinciding  perhaps  with  the  tidal  flat  of  the  old 
estuary,  would  stretch  along  under  the  chalk-scarp.  And,  as  might 
be  expected,  it  is  on  the  crest  of  this  terrace  that  the  sands  are 
thickest,  for  in  the  deeper  central  portions  of  the  valley  the  current 
from  the  land  would  probably  run  too  strongly  to  allow  sand-banks 
to  form. 

I  have  found  traces  of  the  sands  here  and  there  amongst  the 
slips  across  New  Closes  Cliff,  following  the  denudation  slope  of  the 
Secondaries  till  they  reach  the  beach- line,  where  the  sands  may  be 
seen  at  the  cliff- foot  when  the  sand  and  shingle  of  the  beach 
happen  to  be  removed  from  the  base  of  the  cliff.  The  distinction 
between  upper  and  lower  parts  still  holds,  but  the  sands  are  only 
about  two  feet  thick,  and  shells  are  not  at  all  plentiful. 

Northward  beyond  this  they  may  be  seen  at  intervals  between 
slips,  being  often  little  better  than  a  re-arranged  form  of  the 
Speeton  clay,  till  "The  Qill"  is  reached,  where  they  finally  disappear 
from  the  cliff- foot. 

In  May,  1879,  however,  there  was  a  very  interesting  exposure  on 
the  beach,  nearly  opposite  the  village  of  Reighton,  about  a  mile 
north  of  "The  Gill,"  and  here  again  I  obtained  traces  of  the  deposit, 
and  also  had  direct  evidence  as  to  its  being  older  than  any  Yorkshire 
Bonlder-clay. 

As  has  been  shown,  in  the  chief  exposure,  in  New  Closes  Cliff, 
the  shelly  sands  are  overlaid  by  a  dark  Boulder-clay,  above  which 
a  red  Boulder-clay  is  seen — a  parting  of  gravels  occurring  between 
them.  I  have  also  mentioned  that,  if  the  upper  clay  be  traced 
northward,  it  is  found  to  consist  really  of  two  separate  clan's,  the 
division  here  having  been  obliterated".  The  top  clay  *  I  believe  to 
be  the  northward  extension  of  the  **  Hessle  Clay  "  of  Holderness. 
The  other  two  form  the  "  Purple  Clay  "  of  Messrs.  Wood  and  Rome,' 
but  I  have  also  endeavoured  to  show '  them  to  be  really  distinct, 
and  as  good  divisions  as  any  of  those  now  recognized,  and  which 
may  be  readily  traced  wherever  the  **  Purple  Clay  "  is  well  developed, 
either  north  or  south  of  Flauibro.  The  shell -bed  is  therefore 
overlaid  here  by  what  we  may  call  the  **  Lower  Purple  Clay." 
The  exposure  on  the  beach,  however,  revealed  older  divisions.  It 
extended  nearly  500  yards,  and  had  a  varying  width  of  about  30 
yards.  In  it  the  following  beds  were  seen,  appearing  to  dip  slightly 
towards  the  cliff: — 

'  Proc.  Yorkshire  Geol.  Soc.  for  1879  (On  the  Divisions  of  the  Glacial  Beds  in 
Filey  Bay). 
'  Quart.  Joum.  Geol.  Soc.  vol.  xxiv.  p.  147.  •  V.  supra. 
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CoinmenoiDg  from  ttie  high-water  side  we  first  oroBsed  over — 

1.  Boulder-clay,  belonging  to  the  "  Lower  Puiple,*'  which  is  continued  into  the  diff. 

2.  Bluish  Boulder-clay,  witii  many  shell  frannentB,  and  with  streaks  of  fine  blue 

mud  containing  many  crushed  shells.    Fauna  that  of  the  Bridling^n  glacial 
shell-bed. 
This  was  undoubtedly  the  ''  Basement-olay  "  of  Messrs.  Wood  and  Rome. 

3.  Brown  Boulder-clay,  full  of  stones :   no  shells.     (Not  yet  seen  elsewhere  on  the 

coast,  the  bottom  of  the  Basement-clay  being  rarely  visible.) 

4 .  Band  of  fine  Chalk-gravel,  with  a  seam  of  sand. 

5.  Thin  band  of  re-arranged  Kimmeridge  shale,  with  broken  fossils. 

6.  Highly  contorted  Upper  Kimmeridge  shale. 

Hero  it  is  tolerably  certain  that  the  sandy  heds  are  represented  hy 
tbo  few  inches  of  dark  muddy  sand  in  the  fine  chalk  nibble  (No.  4), 
for  we  have  already  seen  how  rapidly  they  thinned  after  leaving  the 
edge  of  the  old  hollow,  probably  owing,  as  before  suggested,  to  the 
strength  of  the  current  in  the  middle  of  the  valley.  I  did  not  see 
any  shells  ;  but  as  all  those  found  in  the  chief  exposure  were  shore 
species,  and  this  exposure  but  small,  this  did  not  surprise  me. 
'  No.  3  seems  to  he  the  remains  of  an  older  clay  than  any  before 
noticed  in  Yorkshire,  hut  I  know  of  no  other  case  in  which  the 
bottom  of  the  **  Basement-clay  "  present*  itself  for  investigation. 
It  may  well  be  the  result  of  a  land-glaciation  preceding  the  flow 
which  formed  the  overlying  shelly  blue  clay,  which  appears  to  have 
come  in  main  from  seaward. 

There  is  thus  a  curious  unconformity  in  the  beds  overlying  the 
shell-bed  whose  preservation  is  a  remarkable  instance  of  the  irregu- 
larity of  glacial  denudation. 

Age  of  the  Deposit, — As  the  so-called  "  Basement-clay  '*  is  now 
believed,  and  probably  rightly,  to  be  of  the  age  of  the  Cromer  Tills, 
it  follows  that  the  bed  of  shells  at  Speeton  is  older  than  that  deposit. 
May  it  not  then,  on  good  evidence,  bo  correlated  with  some  part  of 
the  marine  Pre-Glacial  beds  of  Norfolk  ? 

Beds  of  similar  Age  in  the  Neighbourhood, — There  is,  almost  con- 
tinuously, on  the  top  of  the  Chalk  from  its  first  appearance,  north  of 
Bridlington,  to  Plambro,  a  band  of  fine  gravel  of  varying  thickness, 
consisting  wholly  of  chalk.  ^  This  gravel  sometimes  admits  sand- 
streaks,  which,  at  the  bottom  of. the  Danes  Dyke  Valley,  a  narrow 
old  Pre-Glacial  hollow  three  miles  north  of  Bridlington,  and  in 
other  places,  thicken  out  into  well-bedded  sands  and  sandy  silts. 
'These,  at  Danes  Dyke,  are  seven  feet  in  thickness,  and  though  as  yet 
I  have  not  found  any  shells  or  other  remains  in  them,  they  are 
probably  of  about  the  same  age  as  the  Speeton  bed.  It  is  rather 
.  curious  that  at  Danes  Dyke  these  sands  show  the  same  division  into 
dark  blue  below  and  yellow  above. 

Some  years  ago  the  remains  of  some  large  elephantine  animal 

were  found  in  the  cliff  about  a  mile  and  a  half  north  of  Bridlington, 

arid  as  far  as  I  can  learn  they  appear  to  have  been  obtained  from  the 

horizon  of  this  bed,  but  I  have  not  been  able  to  obtain  any  exact 

*  iilfomiation  on  this  point 
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VI. — NOTB   ON   THE   CaBBONIFE&OUS   SySTEM   IN   BRITAIN. 

By  Prof.  T.  Bupbbt  Jonbb,  P.R.S.,  F.G.S. 

IN  oompariDg  the  relative  thicknesses  of  the  Welsh-English  aqd 
the  Scotch  Carboniferous  series  for  lecture  notes,  I  have  found  ^ 
it  difficult  to  obtain  from  books  definite  statements  on  this  point  as : 
regards  some  groups  of  these  strata  in  Scotland.     After  considerable 
reading  I  gather  the  following  information. 

A  general  section  of  the  Carboniferous  strata  of  Scotland  shows, 
this  arrangement ; — 

Upper  Coals. 

Moor  Bock  or  Boalyn  Sandstone. 

{Upper  Limestones. 
Lower  Coals  with  Limestones.  ' 

Lower  Limestones. 
Calciferous  Sandstone  Series.  i 

In  the  "Geological  Survey  Memoir  on  the  Neighbourhood  of 
Edinburgh "  Mr.  Howell  gives  the  following  average  thicknesses, 
for  the  Mid-Lothian  Coal-field  (p.  73) : — CoaT- measures  1220  feet ; 
Millstone-grit  340  feet ;  Carboniferous  Limestone  series  (including 
Upper  Limestones  65&,  Edge  Coals  GOO',  Lower  Limestones  340') 
1590  feet  The  thickness  of  the  Lower  Carboniferous  strata  (Cal-* 
ciferoos  Sandstone)  is  not  given  in  Prof.  Geikie's  portion  of  the 
Memoir,  but  his  description  of  the  series  proves  it  to  be  of  great 
amount. 

In  the  '' East- Lothian  Memoir"  Prof.  Geikie  estimates  the  thick-* 
ness  of  the  Calciferous  Sandstone  series  at  1350  feet,  as  seen  on 
the  coast  section  between  Siccar  Point  and  Thorntonloch.*  The 
thickness  of  the  Carboniferous  Limestone  series  is  not  mentioned 
in  this  Memoir,  though  the  usual  arrangement  of  the  Upper  and 
Lower  Limestone  groups,  with  profitable  Coal-measures  between 
them,  is  fully  described.  • 

In  later  Memoirs  of  the  Geological  Survey  of  Scotland  many 
details  of  the  local  thickness  of  the  subdivisions  of  the  Carboniferous 
Limestone  series  and  of  the  Coal-measures  are  given ;  but  no  estimate 
of  the  aggregate  thickness  of  the  formations  is  ventured  on. 

The  grouping  of  the  strata  in  the  West  of  Scotland  appears  to  be 
similar  to  that  of  the  Eastern  side,  although  the  Lower  Carboniferous 
series  has  not  the  same  fades  as  that  in  the  East  In  the  useful 
'*  Catalogue  of  the  Western  Scottish  Fossils."  published  by  Members 
of  the  Geological  Society  of  Glasgow  for  the  British  Association 
Meeting  of  1876,  the  thicknesses  of  the  different  members  of  tlie 
Kystem,  in  Central  and  Western  Scotland,  are  thus  stated  (pp.  31 
and  32)  :— 

Upper  Coals  and  Ironstones 1600  to  1800  feet. 

Millstone-grit  Series  480  „    900 

Garboniferons    I  Upper  Limestone  Series      480  ,,    600 


Limestone      <  Lower  Coals  and  Ironstones 420  ,,    600  „ 

Series.         (  Lower  Limestone  Series 600  ,,  1200  „ 

Calciferous  Sandstone  Series 1500  ,,  1800  ,, 

4980  ,,  6900  ,, 
i  **  GeoL  of  East  Lothian,'*  1866,  p.  30. 
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Id  Fife  the  Lower  Carboniferous,  or  Caloiferous  Sandstone,  series 
appears  to  be  abnormally  thick  (8900  feet  according  to  Mr.  J.  W, 
Kirkby's  paper  in  the  Quart  Joum.  (}eol.  Soa  No.  144,  p.  659), 
compared  with  the  estimate  given  by  Prof.  Qeikie  for  the  same 
series  in  East-Lothian.  In  a  letter  received  from  the  author  of  the 
above  paper,  it  is  stated  that  a  general  section  of  the  Fifeshire 
Carboniferous  series  (which,  besides  being  essentially  complete,  is 
of  interest  on  account  of  its  being  the  most  northerly  exposure  of 
this  formation  in  Britain)  in  all  probability  is  nearly  as  follows : — 


il.  Upper  Bed  Beds   ^. 
2.  Lower  Measures  with  work-  \ 
able  coals     ] 

II.  Millstone-grit  series,  or  Moor  Rook     

1.  Upper  portion  with  lime-  \ 
stones , ) 

2.  Middle  portion  with  work- ) 
able  coals ] 

8.  Lower  portion  with  lime-  \ 

stones   ] 

ly .  Oalciferous  Sandstone  ^  scales  


III.  Carboniferons  Lime- 
stone Series     


feet. 

900 

1400 

.  •  •  • 
400 

800 

430 

•  •  •  • 


feet. 


2300 
300 


1600 


4000 


8200 


The  English  series  of  Carboniferous  strata  immediately  south  of 
the  Border  does  not  apparently  differ  much  from  the  Scotch.  In  a 
sketch  of  the  Geology  of  Northumberland,  by  the  late  Mr.  George 
Tate  ("Transact.  Nat  Hist.  Soc.  Northumberland  and  Durham," 
1868,  vol.  ii.  pp.  6 — 18),  the  Carboniferous  strata  are  grouped  as 
below : — 

feet. 

I.  Coal-measures     , . , , , 

II.  Millstono-grit     .... 

II.  Caleareout    Oroup,    with  )      j^qq 

many  beds  of  limestone  . .  / 

2.  Carbmaeeout    Oraup,   with  j 

seven  workable  coals  and  >       900 

a  few  limestones ) 

IV.  Tuedian  Group 


feet. 

2000 
500 


2600 


1000 


6100 


The  lowest  or  Tuedian  group  of  this  series  consists  of  "grey, 
greenish,  and  lilac  shales,  thin  beds  of  argillaceous  and  cherty  lime- 
stones, and  a  few  buff  magnesian  limestones,  and  of  sandstones  and 
slaty  sandstones."  Several  of  the  shales  and  sandstones  also  are 
calcareous.  The  characteristio  fossils  are  Stigmaria,  Lepidodendron^ 
and  Sphenopteris ;  Bhizodus  and  other  Fishes ;  Molluscs  allied  to 
Modiola  ;  Eutoraostraca  ;  Spirorhis ;  and  occasionally  such  marine 
forms  as  OrthoceraSy  Murchisonia,  and  Pieurotomarta,  These  features 
are  pretty  much  those  of  the  Calciferous  Sandstone  on  the  other 
side  of  the  Border,  with  which  series  of  strata  Mr.  Tate's  gi*oup 
is  identical. 


^  Basement  beds  not  seen. 
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In  oomparison   with    these  north-country  sections,  the   Welsh- 
English  series,  taken  generally,  offers : — 

(feet.    (  Upper  or  Ardwick  series. 
Coal-measures. .  10,000  |  Miadle  or  Pennant  series. 
(  Lower  or  Gannister  series.^ 
Milbtone-grit...   1,000 
Lower        (  Carboniferous  (  J'  &  Hmestone-sbale  or  Yoredale  series. 

t^rt^j^ifj^w^.  {      T  :!««J«Jwr        1  RAA  {  2.  Mountain,  Scar,  or  Great  Limestone. 
OBrbomferDus.  I     Lmiestone    ..    1,600  |  3^  ^o^^  Li^^^^^.^^^^^ 


12,600 
Of  course,  the  question  as  to  how  far  the  whole  series  of  the  two 
regions,  or  members  of  the  series,  may  be  conterminous  and  con- 
feniporaneous,  or  merely  analogous  and  homotaxeous,  is  not  regarded 
in  this  notice. 


Ah  Index  Guide  to  the  Gbologioal  Collections  in  the  TJniversitt 
Museum,  Oxford.  By  Professor  Pbsstwioh,  M.A.,  F.B.S.,  etc. 
(Oxford,  Clarendon  Press,  1881.) 

SINCE  the  "Notices  of  Rocks  and  Fossils  in  the  University 
Museum,"  by  the  late  Prof.  Phillips,  which  has  long  been  out 
of  print,  many  additions  have  been  made,  portions  of  the  collection 
re-arranged,  and  a  large  number  of  specimens  have  been  carefully 
named  and  located,  so  that  a  new  and  thoroughly  revised  catalogue 
was  essentially  requisite,  and  this  has  now  been  supplied  by  Prof. 
Prestwich.  Without  giving  too  much  detail,  or  troubling  the  reader 
with  an  array  of  specific  names,  this  guide  gives  a  general  account 
of  the  arrangement  adopted,  in  which  the  author  has  endeavoured 
to  show,  besides  the  position  of  the  specimens  in  the  Museum,  their 
relative  place  in  systematic  classification  and  geological  age.  The 
order  in  which  the  collections  are  described  is  (1)  the  Rocks  and 
their  constituents,  and  (2)  the  Organic  remains  or  the  Palaeonto- 
logical  portion.  ITie  former  include  the  chief  building  and 
ornamental  stones  of  the  British  Islands  (of  which  the  uee  in 
the  Museum  itself  furnishes  a  good  example),  as  well  as  notices  of 
other  Igneous,  Metamorphic,  and  Sedimentary  Rocks;  a  table 
showing  the  succession  of  the  last  in  the  British  area  is  given 
at  p.  21.  A  brief  description  of  the  classification  of  the  minerals 
concludes  this  part. 

The  second  portion  treats  of  the  general  palaeontological  series 
of  the  Palfleozoic  and  Secondary  strata,  and  of  the  Tertiary  and 
Quaternary  rocks  and  fossils  (pp.  25-48),  together  with  descrip- 
tions of  the  local  collections  of  the  typical  fossils  of  the  Oxford 
district  (pp.  49-68),  as  well  as  of  the  collections  illustrative  of 
the  range  and  variations  in  time  of  particular  classes  of  fossils, 
and  to  which  the  diagram  at  p.  64  is  a  valuable  supplement,  as 

'  In  his  memoir  **  On  the  Classification  of  the  Carboniferous  Si'ries'*  (Quart. 
Joum.  Geol.  Soc.  vol.  xxxiii.  pp.  613,  etc.)f  Prof.  E.  Hull  gives  his  reasons  for 
grouping  the  GannuteTf  Milistone,  and  Yoredak  series  as  the  Middle  Carboniferous." 
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sbowinpc  dearly  the  order  in  time  of  the  snooession  of  life  on 
the  globe. 

Both  the  visitor  and  student  will  find  this  work  a  ooncise  and 
handy  guide  to  the  rocks  and  fossils  contained  in  the  Museum, 
which,  among  many  interesting  forms,  contains  the  classical 
specimens  collected  by  Dr.  Buckland,  and  the  fine  series  of  Saurian 
remains  obtained  by  Prof.  Phillips  and  described  in  his  "  G^logy 
of  Oxford  and  the  Valley  of  the  Thames.*'  J.  M. 


) 
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I. — Annual  Genrral  Mkbtino. — February  18th,  1881. — ^Robert 
Etheridge.  Esq.,  F.R.S.,  President,  in  the  Chair.  The  Skoketarixs 
read  the  Reports  of  the  Council  and  of  the  Library  and  Museum 
Committee  for  the  year  1880,  the  Council  announcing  with  much 
satisfaction  that  the  financial  depression  under  which  the  Society 
had  been  Buffering  during  1878  and  1870  had  proved,  as  was 
anticipated,  only  temporary,  and  that  the  Society  is  now  in  a  very 
prosperous  condition.  The  Councirs  Report  also  announced  the 
publication  of  the  new  Catalogue  of  the  Library,  which,  althou^^h 
considerably  larger  than  was  at  first  expected,  will  be  issued  to  the 
Fellows  at  the  price  originally  fixed  for  it  The  Report  further 
announced  the  awards  of  the  various  Medals  and  of  the  proceeds  of 
the  Donation  Funds  in  the  gift  of  the  Society. 

In  presenting  the  Wollaston  Gold  Metal  to  Prof.  P.  Martin 
Duncan,  M.B.,  F.R.S.,  F.G.S.,  the  President  addressed  him  as 
follows  : — 

Professor  Duncan, — It  is  with  no  ordinary  pleasure  that  the  Council  have 
awarded  to  you  the  Wollaston  Medal,  the  hij(^ho8t  honour  that  it  is  in  their  power  to 
bestow,  in  recognition  of  the  valuable  seryicet  which  you  have  rendered  during  hO 
many  years  to  the  advancement  of  Geology,  and  especially  of  Paleontology ;  and 
I  may  add  that  it  is  equally  productive  of  gratification  to  me  that  this  honour  is  to 
be  formally  conferred  upon  you  by  my  hands.  Since  the  year  1863  palieontologists 
have  been  indebted  to  you  for  no  fewer  than  twenty-six  memoirs  relating  to  tho 
history,  structure,  and  distribution  of  the  fossil  Actinozoa,  a  group  which  you  havo 
made  peculiarly  your  own  by  long-continued  and  most  careful  researches.  Further, 
you  have  enricned  the  publications  of  tlie  Pal»ontographical  Society  with  several 
most  important  treatises  on  British  Fossil  Corals,  supplementary  or,  rather,  perhaps, 
uomplementary  to  the  classical  Monograph  of  MM.  Milne- £dwards  and  Uaime. 
These  labours  alone,  and  the  value  of  their  results,  might  have  juiitified  the  Council 
in  awarding  you  the  Wollaston  Medal ;  but  besides  your  researches  upon  the 
Actinozoa,  we  have  to  point  to  several  important  papers  upon  the  fossil  Echinoder- 
mata,  to  others  relating  to  subjects  of  Physical  Geology  (also  freely  touched  upon  in 
your  more  special  memoirs),  and  particularly  to  your  exceedingly  important  work  in 
connexion  with  the  Geological  Survey  of  India,  in  describing  the  fossil  corals  of  that 
P(;ninsula,  and  discussing  the  questions  of  both  zoological  and  geological  interest 
which  naturally  arise  out  of  the  study  of  those  organisms.  Few,  indeed,  of  our 
Follows  are  in  a  better  positi(m  to  appreciate  your  valuable  labours  than  myself ; 
Bc^ircely  a  day  passes  that  I  havo  not  occasion  to  consult  one  or  more  of  your 
contributions ;  and  the  more  I  consult  them  the  more  I  am  'convinced  of  their  value. 
Patiently  and  unobtrusively,  for  nearly  twentv  years,  you  have  followed  out  the  line 
of  research  necessary  for  the  fullilment  of  your  self-imposed  task :  you  have 
sacriliced  the  advantages  of  professional  life  to  devote  your  energies  to  the  advance- 
ment of  science ;  for  seven  years  (from  1864  to  1870)  you  gave  the  Society  tho 
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benefit  of  7<Hir  services  as  one  of  its  Honorary  Secretaries,  and  for  two  years  (1876 — 
1877)  yon  worthily  occupied  the  Presidential  Chair.  Such  considerations  as  these 
would  not  alone,  perhaps,  have  warranted  the  award  of  the  Council ;  but  the 
recollection  of  such  services  rendered  to  the  Society  is  hardly  out  of  place,  as 
rapplementin^  those  more  generally  appreciable  ments  upon  wnich  the  award  was 
really  founded.  On  all  accounts  it  is  with  much  pleasure  that  I  hand  to  you  the 
Wollaston  Medal. 

Professor  Duncan  made  a  short  speech  acknowledg:ing  the  pleasure  he  felt  in 
nodTing  the  Medal. 

The  President  then  presented  the  Murohison  Medal  to  Prof. 
Abchibald  Gsikie,  F.R.S.,  F.G.S.,  and  addressed  him  as  follows  : — 

Prof.  GiiKix, — If  any  one  Fellow  of  our  Society  more  than  another  could  be 
selected  to  receive  the  Murchison  Medal  for  his  valuable  contributions  to  geology,  it 
would  be  yourself ;  since  no  man  livine  has  contributed  more  to  the  advancement  of 
that  science  which  it  is  the  special  object  of  our  Society  to  cultivate  and  diffuse. 
Yoor  labours  in  the  field  connected  with  your  duties  as  Director  of  the  Geological 
Survey  of  Scotland,  your  learned  and  valuable  contributions  to  the  Journal  of  our 
Sodety,  the  Transactions  of  the  Royal  Society  of  Edinburgh,  and  the  Glasgow 
Geological  Society,  and  other  publications  too  numerous  to  mention,  eminently 
Qualify  you  to  be  the  recipient  of  the  Medal  founded  by  your  late  chief  and  friend 
Sir  Boderick  Murchison.  To  enumerate  your  contributions  to  the  literature  of  the 
geology  of  Scotland,  or  your  many  important  writings  connected  with  our  science, 
would  lead  me  too  far— some  thirty  papers,  besides  educational  works,  have  resulted 
from  your  industry  and  knowledge.  Your  able  paper  alone,  on  the  **  Old  Red 
Sandstone  of  Scotland,*'  publish^  in  the  Transactions  of  the  Royal  Societjr  of 
Edinburgh,  would  entitle  you  to  the  highest  consideration  of  the  Society.  Able,  inaeed, 
are  other  contributions,  especially  those  '^  On  the  Chronology  of  the  Trap  Rocks  of 
ScotUndy*'  **  On  the  Date  of  the  last  Elevation  of  Central  Scotland"  (in  vol.  xviii.  of 
our  Journal),  **0n  the  Phenomena  of  Succession  amongst  the  Silurian  Rocks  of 
Scotland"  (Trans.  Glasgow  Geol.  Soc.  vol.  iii.),  and  *'  On  Earth  Sculpture.**  The 
Council  belif^ved,  too,  that  it  would  be  gratifyinj^  to  you  to  receive  a  mark  of  their 
esteem  and  sense  of  your  untirinj^  labours,  the  Medal  founded  by  oue  with  whom  in 
earlier  life  you  were  closely  aiisociated,  and  whose  endowed  Chair  of  Geology  in  the 
Uni?ersity  of  Edinburgh  you  have  been  the  first  to  fill. 

I*rof.  Gsikie  expressed,  in  reply,  his  gratification  at  the  gift  of  the  Murchison 
Medal 

The  President  next  handed  the  Lyell  Medal  to  Mr.  Warington 
W.  Smyth.  F.R.S.,  F.G  S.,  for  transmission  to  Dr.  J.  W.  D.\wson, 
F.R.S.,  F.G.S.,  of  Montreal,  and  addressed  him  as  follows : — 

Sir  Charles  Lyell,  in  founding  the  Medal  that  bears  his  name,  intended  that  it 
ihould  serve  as  a  mark  of  honorary  distinction,  and  as  an  impression  on  the  part  of 
Ae  governing  body  of  the  Society  of  their  opinion  that  the  Medallist  has  deservinl 
well  of  science.  1  need  hardly  say  that  the  Council,  in  awarding?  the  Lyell  Medal  to 
Principal  Dawson,  have  done  so  with  a  sincere  appreciation  of  the  high  value  of  his 
truly  great  labours  in  the  cause  of  Paleontology  and  Geology.  When  1  refer  to  his 
published  papers,  I  find  that  they  number  neai-ly  120,  and  that  they  give  the  resultd 
of  most  extensive  and  valuable  researches  in  various  departments  of  geology,  but 
more  especially  upon  the  palaeontology  of  the  Devonian  and  Carboniferous  formations 
of  Xortnem  America.  No  fewer  than  30  of  these  papers  have  appeared  in  the  pages 
of  our  own  Quarterly  Journal.  Considering  the  nature  of  these  numerous  con- 
tributions, the  Council  would  have  been  fully  justifiwl  in  awarding  to  Dr.  Dawson 
one  of  its  Medals,  upon  the  sole  ground  of  the  value  of  their  contents ;  but  these  are 
far  from  representing  the  whole  of  the  results  of  his  incessant  activity  in  the  pursuit 
of  science.  His  *  Acadian  Geologfv,*  *  Post-pliocene  Geology  of  Canada,'  and 
'Fossil  Plants  of  the  Devonian  and  Upper  Silurian  of  Canada,'  are  most  valuable 
contributions  to  our  knowledge  of  North  American  Geoloj^y ;  whilst  in  his  '  Archaia,* 
'The  Dawn  of  Life,'  and  omer  more  or  less  popular  writings  he  has  appealed,  and 
worthilv,  to  a  wider  public.  We  are  indebtea  to  his  researches  for  nearly  all  oiir 
knowledge  of  the  fossil  flora  of  the  Devonian  and  other  Precarboniftjrous  rocks  of 
America,  and  of  the  structure  and  flora  of  the  Nova-Scotian  coal-field  ;  and  finally 
I  mu«t  refer  especially  to  his  original  investigation  of  the  history,  nature,  and 
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affinities  of  Eotoon.  These  researches  are  so  well  known  that  they  have  gained  lor 
Dr.  Dawson  a  world-wide  reputation ;  and  it  is  as  a  slight  mark  of  thnr  esteeni, 
and  their  hieh  appreciation  of  his  laboors,  that  the  Cooncu  have  awarded  to  him  this 
Medal,  which  I  will  request  yon  to  forward  to  lum,  with  some  Terhal  expression  of 
the  feeling  with  which  it  is  oneied. 

Mr.  Wakimotok  W.  Smtth  then  read  a  letter  from  Dr.  Dawson  regretting  he 
was  unable  personally  to  be  presenti  and  expressing  his  sense  of  the  honour  con- 
ferred upon  him. 

llie  PuKSiDSNT  then  handed  the  Bigsby  Medal  to  Prof.  Morbis, 

F.G.S.,  for  transmisBion  to  Dr.  Chablss  Babrois,  and  addressed  him 

as  follows : — 

The  Council  of  this  Society  has  selected  Dr.  Charles  Barrois  to  be  the  recipient  of 
the  Bigsby  Medal,  and  haTe  awarded  it  to  him  for  his  numerous  papers  and  con- 
tributions to  geological  science.  Dr.  Barrois*s  chief  or  most  miportant  work 
(written  in  the  year  1876,  and  pubUshed  at  Lille)  is  'Becherches  sur  le  terrain 
cr^tace  sup^rieur  de  I'Angleterre  et  de  Tlrlande,'  a  production  almost  exhaustiTe  in 
its  description  of  the  Cretaceous  rocks  of  England  and  Ireland,  and  of  the  uhnost 
▼alue  to  hnglish  students  of  geology.  Dr.  Barrois  in  this  work  has  been  the  first  to 
attempt  to  arrange  the  £n|^ish  Cretaceous  rocks  in  Paleontological  zones,  and 
eminently  has  he  succeeded  m  defining  nnd  correlating  the  horizons  of  France  and 
Britain.  He  is  also  the  autiior  of  a  'M^moire  sur  le  terrain  Cr§tac6  du  Bassin 
d'Oyiedo,  Espagne,*  with  a  palsBontological  description  of  the  Echinodermata  by 
Gustave  Cotteau.  His  great  industry  and  untiring  zeal  for  geological  science  entitle 
him  to  the  consideration  of  the  Ooaieil ;  and  I  tiiefefare  beg  you  to  forward  to  him 
the  Bigsby  Modal  as  our  recognition  of  his  services,  and,  according  to  the  wishes  of 
the  founder,  we  look  forward  to  other  and  equally  valuable  contributions. 

Prof.  MoKRis  read  a  note  from  Dr.  Barrois,  in  reply,  to  the  honour  conferred. 

In  banding  to  Prof.  J.  W.  Judd,  F.R.S.,  Sec.  G.S.,  the  balance  of 
the  WoUaston  Donation  Fund  for  transmission  to  Dr.  Eamsay  H. 

Traquair.  F.G.S..  the  Puesidbnt  said  : — 

In  handing  to  you,  to  be  forwarded  to  Dr.  Traquair,  the  balance  of  the  proceeds  of 
the  Wollaston  Donation  Fund,  I  have  to  request  that  you  will  inform  nim  of  the 
feeling  of  the  Council,  that  it  is  rarely  that  they  can  have  the  opportunity  of 
awarding  this  fund  to  a  more  able  and  accomplished  naturalist  than  himself.  His 
long-continued  researches  upon  the  Ganoid  Fishes  of  the  Carboniferous  formation 
have  rendered  his  name  eminent  in  this  department  of  Pala>ontoIogy.  As  an 
accomplished  anatomist  and  zoologist,  we  must  have  every  confidence  that  his  treat- 
ment of  these  Vertebrates  in  the  memoir  which  he  is  contributing  to  the  publications 
of  the  Palseontographical  Society  will  be  of  the  most  careful  and  judicious 
description,  whilst  the  value  of  this  and  his  other  works  is  vastly  enhanced  by  the 
beautiful  figures  with  which  he  illustrates  them:  Under  these  circumstances  it  affords 
me  much  pleasure  to  place  in  your  hands,  for  transmission  to  Dr.  Traquair,  the 
balance  of  the  WoUaston  Fund,  which  I  hope  he  will  receive  as  some  recognition  on 
the  part  of  the  Society  of  the  value  of  his  researches,  and,  at  the  same  time,  as 
a  small  aid  to  him  in  further  prosecuting  them. 

Prof.  Judd,  in  reply,  read  an  appropriate  note  received  from  Dr.  Traquair, 
cordially  thanking  the  Society. 

The  President  next  presented  the  balance  of  the  proceeds  of  the 
Miirchison  Donation  Fund  to  Frank  Kutley,  Esq.,  F.G.S.,  and 
addressed  him  in  the  following  words : — 

For  many  years  you  have  devoted  your  time  and  attention  to  the  microscopical 
structuro  of  rocks  and  rock-forming  minerals,  a  branch  of  scientific  research  ol  the 
hiji^hest  importance  to  the  petrologist  and  geologist ;  and  now  that  our  attention  is 
being  so  much  drawn  to  the  structure  of  the  nuttaraorphic  and  igneous  rocks,  with  a 
view  to  a  better  nomenclature  and  a  revision  of  old  and  obsolete  views,  the  Council 
of  our  Society  believed  that  in  your  hands  good  work  would  still  be  carried  on  ;  they, 
therefore,  have  awanled  to  you  the  balance  of  the  Murchison  Fund,  which  I  have 
much  pleasure  in  handing  to  you  in  recognition  of  your  past  researches,  the  results 
of  which  you  have  from  time  to  time  communicated  to  the  Journal  of  the  Society. 
Few  arc  more  aware  than  myself  of  the  interest  you  take  in  this  branch  of  study, 
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and  it  affords  me  mach  gratification  to  be  the  medium  of  conveying  to  yon  the 
appreciation  of  the  Councu  and  the  accompanying  fund. 

Mr.  KuTLBT  suitably  returned  thanks. 

In  presenting  to  G.  K.  Vine,  Esq.,  one  moiety  of  the  balance  of 
the  proceeds  of  the  Lyell  Donation  Fund,  the.  President  addressed 
bim  as  follows  : — 

A  moiety  of  the  balance  of  the  proceeds  of  the  Lyell  Geological  Fund  has  been 
awarded  to  you  by  the  Council  of  toe  Geological  Society.  In  making  this  award  the 
Council  were  actuated  in  part  by  the  wish  to  express  their  sense  of  the  value  of  your 
research«*s  in>on  the  fossil  Brroioa  of  the  Palseozoic  rocks,  as  evinced  especially  by 
your  published  writings  on  the  Ditttoporidse,  an  cxoeedingly  diffictdt  group,  and  in 
part  by  ^eir  desire  to  assist  you  in  the  farther  prosecution  of  your  investigations. 
I  have  much  pleasure  in  handing  to  you  this  small  testimony  of  the  appreciation  of 
the  Council. 

Mr.  ViNB,  in  reply,  thanked  the  President  for  this  token  of  recognition,  on  the 
part  of  the  Councu,  of  his  labours. 

The  President  then  handed  to  Prof.  H.  G.  Seelet,  F.R.S.,  F.G.S., 

for  transmisson  to  Dr.  Anton  Fritsch,  of  Prague,  the  second  moiety 

of  the  Lyell  Donation  Fund,  and  said  : — 

The  Council  has  awarded  a  portion  of  the  Lyell  Geological  Fund  to  Dr.  Anton 
Fritsch,  Professor  of  Zoology  in  the  Universi^  of  Prague,  in  recognition  of  his 
valuable  contributions  to  palaeontology.  Dr.  Fritsch  is  an  accomplished  zoologist, 
who  haA  enriched  his  studies  of  many  groups  of  fossils,  invertebrate  and  vertebrate, 
with  admirable  knowledge  of  existing  life.  During  the  last  thirty  years  Dr. 
Fritsch  baa  published  about  one  hundred  and  twenty  memoirs,  many  of  which  relate 
to  palaeontology  and  geology.  Besides  scattered  papers  on  Eozoon,  CcUlianassa^  and 
other  subjects  connected  with  the  fossil  fauna  of  Bohemia,  Dr.  Fritsch  has 
also  published  some  standard  works  monographing  the  fossils  of  his  native  land. 
These  comprise  the  Cretaceous  Cephalopoda  (1872),  the  Cretaceous  Reptiles  and  Fish 
(1878),  and  his  great  work  on  the  Fauna  of  the  Permian  Rocks  (still  in  progress),  of 
which  two  volumes,  devoted  to  Amphibia,  have  been  isvsued.  These  volumes  are 
excellent  examples  of  descriptive  work,  illustrated  worthily,  and  this  award  is 
especially  intended  to  mark  the  sympathy  of  the  Council  with  Dr.  Fritsch  in  his 
endeavours  to  adequately  make  known  the  Permian  fauna,  and  in  the  hope  that  the 
fund  may  assist  him  in  completing  a  work  which  has  already  taken  high  rank  among 
palseontological  monographs. 

Prof.  Sbeley  felt  sure  that  Dr.  Fritsch  would  duly  appreciate  the  honour  of  the 
award  made  him  by  the  Council. 

The  Pkesidbnt  then  proceeded  to  read  his  Anniversary  Address,  which  was 
devoted  to  the  analysis  and  distribution  of  the  British  Paltpozoic  fossils,  and  especially 
as  to  their  distribution  in  the  successive  formations,  elucidated  by  elaborate  tables. 
The  Address  was  prefaced  by  obituary  notices  of  Fellows  and  Foreign  Members  of 
the  Society  deceased  during  the  past  year,  including  Dr.  J.  J.  Bigsby,  Mr.  Searlos 
V.  Wood,  Prof.  Ansted,  Dr.  C.  Nyst,  M.  Bosquet,  and  others. 

The  ballot  for  the  Council  and  OflBcers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  year : — President:  R.Etheridge,E8q.,F.R.S. ;  L.and  E.  Vice- 
Presidents:  John  Evans,  D  CL.,  LL.D.,  F.R.S.  ;  J.  W.  llulke,  Esq.,  F.R.S.; 
Prof.  J.  Morris,  M.A.  ;  and  II.  C.  Sorby,  LL.D.,  F.R.S.  Secretaries:  Prof 
T.  G.  Bonney,  M.A.,  F.R.S. ;  Prof.  J.  W.  Judd,  F.R.S.  Foreign  Secretary 
Warington  W.  Smyth,  Esq  ,  M.A.,  F.R.S.  Treasurer :  J.  Gwyn  Jeffreys,  LL.D. 
F.R.S.  Council:  H.  Bauerman,  Esq.;  Rev.  J.  F.  Blake,  M.A.;  Prof.  T.  G 
Bonney,  M.A..  F.R.S.;  W.  Carruthers,  Esq.,  F.R.S.:  Prof.  P.  M  Dunoan,  M.B. 
F.R.S.  ;  Sir  P.  de  M.  Grey-Egerton,  Bart.,  M.P.,  F.R.S.  ;  R.  Ethoridge,  Esq. 
F.R.S. ;  John  Evans,  DC  L.,  LL.D.,  F.R.S.  ;  Lieut.-Col.  H.  11.  Godwin- Austen 
F.R.S. ;  J.  Clarke  Hawkshaw,  Esq.,  M.A. ;  Rev.  Ed^nn  Hill,  M.A.  ;  W.  H 
Hudlestone,  Esq.,  M.  A. ;  J.  W.  Hulko,  Esq.,  F.R.S.;  J.  Gwyn  Jeffreys,  LL.D. 
F.R.S. ;  Prof.  J.  W.  Judd,  F.R.S. ;  Prof.  N.  S.  Maskelyne,  M.A.,  M.P.,  F.R.S. 
J.  Morris,  Esq.,  M.A. ;  J.  A.  Phillips,  Esq.  ;  F.  W.  Rudler,  Esq. ;  Prof.  H.  G 
Seeley,  F.R.S. :  Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S.  ;  H.  C.  Sorby,  LL.D. 
F.R.S.;  H.  Woodward,  LL.D.,  F.R.S. 
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IL— February  23, 1881.— Robert  Etheridge,  Esq.,  F.R-8.,  President, 
in  the  Chair.— The  following  oommunicationB  were  read  :— 

1.  A  letter  from  Dr.  John  Kirk,  communicated  to  the  Society  by 

the  Bight  Hon.  Earl  Granville,  dated : — 

"  H.M.  Agency  and  Consulate  Gtenenl, 
Zanzibar,  December  20,  1880. 

"  My  Lord, — It  may  be  of  interest  to  record  the  ooourrence  here  of 
an  earthquake  shock  felt  in  the  island  ef  Zanzibar  at  6*58  a-m.,  mean 
time,  on  the  morning  of  the  18th  inst. 

<<  Although  the  shock  was  very  distinct,  no  damage  appears  to 
have  been  done  to  any  buildings  in  town. 

''  It  is  now  twenty -four  years  since  a  similar  shock  has  been  here 
noticed ;  but  on  the  mainland,  especially  in  the  vicinity  of  Ujiji, 
they  are  both  more  common  and  more  severe  than  at  the  coast. 

"Shortly  after  the  cable  was  laid  between  Mozambique  and 
Delagoa  Bay,  the  communication  was  suddenly  interrupted  after 
one  of  these  earthquake  shocks,  which  seems  to  have  caused  the 
falling  in  of  rocks  by  which  the  cable  was  crushed. 

*'  I  have  the  honour  to  be,  etc., 

*'  The  Right  Honouratte  JoHN  EiRK, 

Earl  Granville,  etc.,  etc.,  H.M.  Agent  and  Consul -Oeneral, 

London.  Zanzibar. ' ' 

2.  ''The  Permian,  Triassic,  and  Liassio  Bocks  of  the  Carlisle 
Basin."     By  T.  V.  Holmes,  Esq.,  F.G.S. 

The  district  discussed  in  the  author's  paper  was  worked  over  by 
hitn  when  engaged  on  the  Geological  Survey,  and  consists  of  those 
parts  of  Cumberland  and  Dumfriesshire  which  adjoin  the  Sol  way. 
Its  southern  boundary  is,  approximately,  a  line  ranging  from  Mary- 
port  to  Bose  Castle  on  the  River  Caldew,  and  touching  the  Eden 
abont  two  miles  above  Wetheral.  On  the  east  and  north-east  its 
limits  are  the  immediate  neighbourhoods  of  the  junction  of  the 
rivers  Eden  and  Irthing,  Hethersgill  on  the  Hether  Bum,  Bracken - 
hill  Tower  on  the  Line,  and  the  Border  Boundary  on  the  Rivers  Esk 
and  Sark ;  and  in  Dumfriesshire  the  small  tract  south  of  a  line 
ranging  from  the  junction  of  Scots  Dyke  with  the  Sark  on  the  north- 
east, to  Cummertrees  on  the  south-west. 

The  lowest  bed  in  this  area  is  the  great  Upper  Permian  or  St. 
Bees  Sandstone,  which  occupies  a  belt  of  country  in  the  neighbour- 
hood of  the  outer  boundary.  Directly  above  St.  Bees  Sandstone,  in 
the  west  of  the  district,  lies  a  formation  consisting  of  shales  with 
gypsum,  which,  though  700  feet  thick  in  the  neighbourhood  of 
Abbey  Town,  is  nowhere  visible,  but  is  known  solely  from  borings, 
the  country  west  of  the  Caldew,  and  of  the  Eden  below  the  junction 
of  the  two  streams,  being  thickly  drift-covered  and  almost  section- 
less.  In  the  east  of  the  district  the  St.  Bees  Sandstone  is  overlain 
directly  by  a  soft,  red,  false-bedded  sandstone,  called  by  the  author 
Kirklinton  Sandstone,  from  the  locality  in  which  the  rock  is  best 
seen,  as  well  as  its  relations  to  the  imder-  and  overlying  beds.  But 
while  there  is  no  evidence  of  any  unconformity  between  the  St. 
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Bees  Sandstone  and  the  overlying  Oypseous  Shales   in   the  west. 

there  is  evidence  of  a  decided  unconformity  between  the  St.  Bees 

and  Kirklinton  Sandstones  in  the  east.      In  Garwinley  Bum  (for 

example),  which  runs  into  the  Esk  at  Netherby,  only  from  200  to 

800   feet  of  St  Bees   stone  was   seen   below  the  outcrop   of  the 

Kirklinton,  instead  of  the  1000  to  1500  feet  which  probably  exist 

about  Brampton  on  the  one  hand  and  in  Dumfriesshire  on  the  other. 

Yet  Carwinley  Bum  affords  lui  almost  continuous  series  of  sections, 

from  the    (non-faulted)    Permian -Carboniferous  junction    to   some 

distance  above  the  outcrop   of  the  Kirklinton   Sandstone.     As,  in 

addition,  the  shales  underlying  the  St.  Bees  Sandstone  are  gypseous, 

both  near  Carlisle  and  at  Barrowmouth,  close  to  St.  Bees  Head,  the 

author  classed  the  (Upper)  Gypseous  Shales  as  Permian,  and  the 

Kirklinton   Sandstone  as   Bunter.     Resting  unconforniably  on  the 

Kirklinton  Sandstone,  in  the  district  between  Carlisle  and  Kirklinton, 

are  the  Marls  seen  on  the  Eden,  between  Stanwix  and  Beaumont, 

and  on  the  Line  between  Westlinton  and  Cliff  Bridge,  Kirklinton. 

Their  unconformity  is  shown  by  the  fact  that  on  the  Line  they  rest 

on  the  lower,  or  red,  beds,  and  between  Staiiwix  and  Beaumont  on 

the  upper,  or  white,  beds  of  the  Kirklinton  Sandstone.     The  Marls 

have  therefore  been  classed  as  Keuper.     So  far  as  the  evidence  goes, 

they  appear  to  be  very  thin  and  to  extend  but  a  very  small  distance 

Bonth  of  the  Eden.     Lastly,  the  Lias  appeared  to  the  author  to  be 

unconformable  to  all  the  beds  below,  and  to  rest  partly  on   the 

Gypseous  Shales,  partly  on  the  Kirklinton   Sandstone,  and  partly 

on  the  Keuper  Marls.     Of  the  existence  of  Khgetic  beds  there  was 

no  evidence,  all  fossils  hitherto  found  having  been  determined  by 

Mr.  Etheridge  (our  President)   to  be  Lower- Lias  forms.     But  the 

Liaa-sections  are  so  small  and  few  in  number,  and  the  ground  so 

persistently  drift- covered,  that  only  a  boring  could  sottlo  the  question. 

8.  "On  Asirocoma   Grand,  &  new  Lvssakine  Ilexactinellid  from 

the  Silurian  Formation  of  Canada."     By  Prof.  W.  J.  Sollas,  M.A., 

F.G.S. 

This  paper  contained  a  description  of  a  new  fossil  Hexactinellid 
sponge  from  the  Niagara  chert  beds  of  Hamilton,  Ont^irio.  It  is 
the  second  oldest  known  example  of  the  Lyssakina.  Some  remarks 
were  added  on  the  mineral  state  of  the  spicules  and  their  association 
with  chert  The  author  proposed  for  it  the  name  of  Astroconta 
Grantiy  the  former  in  allusion  to  the  peculiarly  spinose  character  of 
rays  of  the  sexradiate  spicules.  The  anchoring  spicules  were  de- 
scribed as  consisting  of  a  straight  shaft  with  four  recurved  rays, 
each  having  a  small  bifid  spine  near  the  base  on  the  outer  surface. 

IIL— March  9,  1881.— Robert  Etheridge,  Esq.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  *'  Description  of  Parts  of  the  Skeleton  of  an  Anomodont  Reptile 
(PlatypodosaurvB  robustua,  Ow.). — Part  II.  The  Pelvis."  By  Prof. 
Owen,  C.B.,  F.R.S.,  F.G.S.,  etc. 

In  this  paper  the  author  described  the  remains  of  the  pelvis  of 
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Platypodoaaurua  rdbustus,  which  have  now  been  relieved  from  the 
matrix,  including  the  sacrum,  the  right ''os  innominatura,"  and  a 
great  part  of  the  left  ilium.  There  are  five  sacral  vertebrae,  which 
the  author  believes  to  be  the  total  number  in  Plcttypodoaaurus,  The 
neural  canal  of  the  last  lumbar  vertebra  is  8  lines  in  diameter,  and 
of  the  first  sacral  9  lines,  diminishing  to  6  lines  in  the  fifth,  and  in- 
dicating an  expansion  of  the  myelon  in  the  sacral  region,  which  is 
in  accordance  with  the  great  development  of  the  hind  limbs.  Tlie 
sacral  vertebrae  increase  in  width  to  the  third ;  the  fourth  has  the 
wiriest  centrum.  This  coalesoenoe  of  the  vertebrs  justifies  the  con- 
sideration of  the  mass,  as  in  Mammalia,  as  one  bone  or  '<  sacrum,'* 
which  may  be  regarded  as  approaching  in  shape  that  of  the  Mega- 
therioid  Mammals,  although  including  fewer  vertebm.  Its  length  is 
7^  inches ;  its  greatest  breadth,  at  the  third  vertebra,  5}  inches.  The 
ilium  forms  the  anterior  and  dorsal  walls  of  the  acetabulum,  the 
posterior  and  postero- ventral  walls  of  which  are  formed  by  the 
ischium  and  pubis.  The  diameter  of  its  outlet  is  d  inches,  the  depth 
of  the  cavity  1^  inch;  at  its  bottom  is  a  fossa  1^  inch  broad.  The 
foramen  is  subciroular,  1  inch  in  diameter.  The  ventral  wall  of  the 
pelvic  outlet  is  chiefly  formed  by  the  pubis ;  it  is  a  plate  of  bone 
6  inches  broad,  concave  externally,  convex  towards  the  pelvic  cavity. 
The  snbacetabular  border  is  7-8  lines  thick ;  it  shows  no  indication 
of  a  pectineal  process,  or  of  a  prominence  for  the  support  of  a  mar- 
supial bone.  The  author  remarks  that  of  all  examples  of  pelvic 
structure  in  extinct  Reptiiia  this  departs  furthest  from  any  modifica- 
tion known  in  existing  types,  and  makes  the  nearest  approach  to  the 
Mammalian  pelvis.  This  is  shown  especially  by  the  number  of  pacral 
vertebrae  and  their  breadth,  by  the  breadth  of  the  iliac  bones,  and  by 
the  extent  of  confluence  of  the  expanded  ischia  and  pubes. 

2.  "  On  the  Order  Theriodontia,  with  a  Description  of  a  New  Genus 
and  Species  {jElurosaurus  felinus,  Ow,)."  By  Prof.  Owen,  C.B., 
F.R.S.)  F.O.S. 

The  new  form  of  Theriodont  reptile  described  by  the  author  in  this 
paper  under  the  name  of  JElurosaurua  felintts  is  represented  hy  a  skull 
with  the  lower  jaw,  obtained  by  Mr.  Thomas  Bain  from  the  Trias  of 
Qough,  in  the  Karoo  district  of  South  Africa.  The  postorbital  part 
is  broken  away.  The  animal  is  mononarial ;  the  alveolar  bonier  of 
the  upper  jaw  is  slightly  sinuous,  concave  above  the  inci8oi*s,  convex 
above  the  canines  and  molars,  and  then  straight  to  beneath  the  orbits. 
The  alveolar  border  of  the  mandible  is  concealed  by  the  overlapping 
teeth  of  the  upper  jaw;  its  symphsis  is  deep,  slanting  backward, 
and  destitute  of  any  trace  of  suture ;  the  length  of  the  mandible  is 
3 J  inches,  which  was  probably  the  length  of  the  skull.  The  incisors 
are  grj,  and  the  molars  probably  ^^  or  ^,  all  more  or  less  laiiiariform. 
The  length  of  the  exserted  crown  of  the  upper  canine  is  12  niillinjs. ; 
the  root  of  the  left  upper  canine  was  found  to  be  twice  this  length, 
extending  upwards  and  backwards,  slightly  expanded,  and  then  a 
little  narrowed  to  the  open  end  of  the  pulp-c*iviry.  Tli^re  is  no 
trace  of  a  successional  canine ;  but  the  condition  of  the  pulp-cavity 
and  petrified  pulp  would  seem  to  indicate  renewal  of  the  working 
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part  of  the  canine  by  oontinn  **  s  growth.  The  author  infers  that  the 
animal  was  monophyodont.  ^luroaaurua  was  said  to  be  most  nearly 
allied  to  Lycosaurva,  but  its  in  isor  formula  is  Dasy urine. 

With  regard  to  the  characters  of  the  Theriodontia  the  author  re- 
marked that  we  may  now  add  to  those  given  in  his  '  Catalogue  of 
South  African  Fossil  Reptiles/  that  the  humerus  is  perforated  by  an 
entepioondylar  foramen  and  the  dentition  is  monophyodont. 

3.  "Additional  Observations  on  the  Superficial  Greology  of  British 
Ck>1umbia  and  its  Adjacent  Regions."  By  G.  M.  Dawson,  Esq.,  D.Sc., 
F.G.S. 

This  paper  is  in  continuation  of  two  already  published  in  the 
Society's  Journal  (vol.  xxxi.  p.  608,  and  vol.  xxxv.  p.  89).  In  sub- 
sequent examinations  of  the  southern  part  of  the  interior  of  British 
Columbia  the  author  has  been  able  to  find  traces  of  glaciation  in  a 
N.  to  S.  direction  as  far  as  or  even  beyond  the  49th  parallel.  Iron 
Mountain,  for  instance,  3500  feet  above  the  neighbouring  valleys, 
5280  feet  above  the  sea,  has  its  summit  strongly  ice- worn  in  direction 
N.  29®  W.-S.  29°  E.  Other  remarkable  instances  are  given  which 
oan  hardly  be  explained  by  local  glaciers;  boulder-clay  is  spread 
over  the  entire  district ;  terraces  are  cut  in  the  rearranged  material 
of  this,  bordering  the  river- valleys,  and  at  greater  elevations  expand- 
ing over  the  higher  parts  of  the  plateau  and  mountains.  At  Mount 
It-ga-chuz  they  are  5270  feet  above  the  sea.  The  author  considers 
that  the  higher  terraces  can  only  be  explained  by  a  general  flooding 
of  the  district.  Some  of  the  wide  trough-like  valleys  of  the  plateau 
contain  a  silty  material  which  the  author  regards  as  a  glacial  mud. 

North  of  the  54th  parallel  and  west  of  the  liocky  Mountains 
similar  evidence  of  glaciation  is  obtained ;  erratics  are  found  in  the 
Peace  and  Athabasca  basins.  The  fjords  of  British  Columbia  are 
extremely  glaciated,  the  marls  being  generally  in  conformity  with 
the  local  features ;  terraces  are  scarce  and  at  low  levels.  The  Strait 
of  Georgia  was  filled  by  a  glacier  which  overrode  the  S.E.  part  of 
Vancouver's  Island  ;  evidence  is  given  to  show  that  this  ice  came 
from  the  neighbouring  mountainous  country.  Queen  Charlotte's 
Island  shows  evidence  of  local  glaciation.  Boulder-clays  and  stratified 
drifts  are  found,  with  occasional  arctic  shells 

The  author  considers  that  the  moat  probable  explanation  of  the 
phenomena  of  the  whole  region  is  to  suppose  the  former  existence 
of  a  great  glacier  mass  resembling  the  inland  ice  of  Greenland,  and 
that  the  Glacial  period  was  closed  by  a  general  submergence,  during 
which  the  drifts  were  deposited  and,  at  its  close,  the  terraces  cut. 


Erratum. — In  the  March  Number,  page  138,  line  15,  of  the  Geol. 
Kaq.,  for  siromatoporidet  read  stomatoporides. 


192  CwprmpfmiencB-^Mr.  W.  Ke^Aikg. 


I 


FOKEION  PEBBLES  OF  BEITISH  BEACHES. 

SiBy — It  is  no  doubt  well  known  to  Mr.  Birds  as  well  as  many 
other  observers,  that  the  foreign  pebbles,  desoribed  bj  him^  from 
the  Brighton  and  St.  Leonard  Beaches,  are  not  oonfined  to  the  S.E. 
and  S.  coasts  of  England,  thej  being  indeed  far  more  abundant 
in  some  places  on  the  opposite  coast  of  Britain. 

Aberystwyth,  in  the  centre  of  Cardigan  Bay,  is,  like  Brighton, 
celebrated  for  the  **  pebble  "  riches  of  its  beach,  which  afford  em- 
ployment to  a  large  number  of  lapidaries  in  their  cutting  and  polish- 
ing. Now  these  "  pebbles  '*  are  all  of  them  foreign  to  the  district, 
and  many  of  them  are  not  even  British  in  origin.  Flint  agates  and 
"  onyx"  are  not  uncommon,  and  jasper  is  abundant  Besides  these 
there  are  large  numbers  of  other  interesting  strangers,  many  of 
them  igneous  rocks,  including  granites  and  quartB-felsites  in  many 
varieties,  both  pink  and  grey ;  orthodase-felsite,  porphyrites, 
basalt,  and  serpentine,  and  volcanio  agglomerate;  also  numerous 
sedimentary  and  metamorphio  rocks. 

So  abundant  are  these  foreign  rocks  that  in  some  of  the  small 
Welsh  bays  they  are  decidedly  more  conspicuous  than  the  local 
stones,  and  handfuls  may  be  gathered  in  a  square  yard. 

As  to  the  origin  of  these  pebbles  I  quite  agree  with  Mr.  Birds, 
that  they  are  washed  up  from  deposits  now  covered  by  the  sea.  I 
am  not,  however,  able  to  see  how  these  facts  can  determine  for  us 
the  distribution  of  any  vast  ice-sheets  such  as  Dr.  CroU  has  described. 
To  settle  this  question  we  must  find  whether  the  Boulder-clay  was  a 
true  Till — a  land-ice  product,  or  only  a  marine  Boulder-clay,  stored 
with  pebbles  dropped  from  melting  icebergs;  and  this  cannot  be 
settled  by  reference  to  the  pebbles  found  on  the  beaches. 

Now,  in  the  case  of  the  foreign  stones  of  the  Welsh  shingles,  none  of 
them  occur  in  the  drifts  of  the  neighbouring  countiy,  these  drifts 
being  entirely  the  products  of  local  land-ice;  but  I  have  detected 
some  of  them  in  the  drifts  of  the  lowlands  of  Anglesea.  These 
latter  are,  however,  marine  Boulder-clays — laminated  deposits  like 
the  Norfolk  Contorted  Drift,  and  containing  delicate  marine  shells  in 
perfect  preservation. 

Therefore,  I  conclude  that  the  foreign  pebbles  of  the  beaches  are 
derived,  not  from  any  morainic  formation  produced  by  a  vast  ice- 
sheet,  but  from  a  Boulder-clay,  formed  as  a  marine  deposit  in  the 
Irish  Sea  at  a  time  when  that  sea  was  traversed  by  icebergs,  brought 
hither  by  currents  from  the  glaciers  of  Scotland,  and  Scandinavia. 

The  original  homes  of  many  of  the  rocks  are  unknown  to  me. 

There  are  many  Scotch  porphy rites,  and  a  few  rocks  from  the  Lleyn 

peninsula.     The  flints  and  some  basalts  may  have   come  from   tiie 

North  of  Ireland. 

W.  Keeping. 
Thb  Museum,  Yobk. 

'  See  Gbgl.  Mao.  January,  1S81,  p.  47. 
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L — Nora   on  a  fins  Head-shield  of  Zenaspis  (Csphalaspis) 
Salweti,  Eoebtom  8P.=  Cephalaspis  astebolspis,  H ablet. 

Bt  thb  Editob. 

(PLATE  VI.) 

OUT  Plate  is  depicted  the  head-shield  of  the  well-known  Old 


ff" 


Bed  Sandstone  fish,  Cephalaspia,  the  genus  first  described  by 
in  1835,  the  species  C.  Salweyi,  by  Egerton  in  1857,  and 
later  as  C.  asteroUpia,  by  Harley  in  1859.  The  specimen  waa 
by  Mr.  John  Edward  Lee,  F.G.S.,  of  Torquay,  from  the 
latones,'*  Old  Red  Sandstone,  Skerrid  Yawr,  near  Abergavenny, 
and  is  drawn  about  one- third  less  than  the  natural  size.  ''Two 
oonma  were  obtained  by  Dr.  Mac  Oullough  from  the  same  quarry  at 
Abergavenny,  furnishing  the  evidence  of  these  parts  which  are 
wanting  in  Mr.  Lee's  specimen  "  (Lankester). 

At  page  53  of  Professor  Lankester's  Monograph  of  Old  Red  Sand- 
stone Fishes  (Part  I.  CephalaspidsB,  Pal.  Soc.  Mon.,  1870)  is  given  a 
life-aize  outline  woodcut  of  this  specimen;  but  the  breadth  seems 
somewhat  too  wide  in  proportion  to  the  length  of  the  shield,  which 
in  Mr.  Lee*s  specimen  is  more  pointed  in  front. 

Mr.  Lankester  observes  {op,  ciL  p.  54),  "Another  specimen  has 
been  recently  obtained  for  the  British  Museum  which  is  better  than 
that  in  the  Geological  Survey  Museum  drawn  on  pi.  xii.  fig.  2 ;  or 
than  Mr.  Sal  way's  specimen  "  (see  pi.  xii.  fig.  6). 

These  specimens  seldom  show  the  outer  tuberculated  layer,  upon 
the  character  of  which  the  specific  differences  between  C,  Saltoeyi  and 
C.  asterolepia  have  been  founded.  On  some  of  these  specimens  a 
few  of  the  tubercles  are  left  here  and  there,  but  as  a  rule  they 
merely  show  the  beautiful  stellate  polygonal  structure  beneath  the 
outer  layer. 

Prof.  Lankester  observes,  "Sir  Philip  Egerton  attached  importance 

to  the  great  breadth  between  the  eyes,  but  the  size  of  the  individual 

and  variations  in  pressure  are  liable  to  affect  this  character."     He 

adds,  "  After  some  hesitation  I  have  decided  to  associate  C,  Salweyi 

and  C.  asterolepia  as  one  species,  not  being  able,  on  careful  examiua- 

tion,  to  find  any  character  which  should  separate  the  large  specimen 

described   by   Dr.  Harley  from   Sir  Philip  Egerton's  original   C, 

Salweyi,^* 

Concerning  the  genus,  Prof.  Lankester  proposes  (op,  cU.  y^.  5S^ 
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to  place  this  large  head-ibield  with  others  in  tbe  eub-genas 
Zenatpit,  on  the  ground  that  with  it  have  been  found  asfiociated 
Home  remarkable  scutes  whioh  are  regular  in  size  and  heioiepherioal 
in  outline.  These  sautes  are  Bjmmetrical  in  outline,  and  were 
probably  placed  in  the  median  line  on  tbe  dorsal  surface.  They 
indicate  an  armature  of  body  qnite  different  from  tbat  of  C.  Lyelli. 
The  flank-scales  of  individnals  as  large  as  Ur.  J.  K  Lee's  apecimea 
niiiaC  have  been  of  oonsiderable  size  and  strength. 

We  are  indebted  to  Mr.  J.  £.  Lee  for  kindly  permitting  us  to 
reproduce  the  plate  of  this  fine  fossil  in  the  Qbolooioal  Haqazine. 


IL— EVIDKHCB    BKASIHO    I7P0N    THt    POSITION    OT    TBI    TwT    HlLL 

OONOLOHXRATX. 

fi;  E.  D.  RoBBETS,  H.A.,  D.Se.  (Load.],  F.O.8.,  Clara  CoUegt,  Cuafaridgs. 

A  DISCUSSION  has  more  than  once  arisen,  in  the  course  of  the 
last  two  years,  respecting  the  true  position  of  the  quarts 
conglomerate  exposed  near  Twt  Hill,  Carnarvon,  wbioL  was  first 
described  by  Prof.  Bonney  and  Mr.  Houghton  in  the  Quarterly 
Journal  of  the  Geological  Society,  toL  xzxv.  p.  321.  The  typictd 
quarry  \a  situated  on  the  S.E.  side  of  the  ridge,  close  underneath 
Twt  Hill,  and  the  exposure  there  shows  the  quartz  conglomerate  in 
juxtaposilion  to  the  granitoid  rock  that  constitutes  the  axis  of  the 
ridge.  The  authors  describe  a  passage  between  the  granitoidite 
below  and  the  conglomerate  above,  and  state  that  the  latter  "  passes 
np  into  a  rock  which  haH  some  resemblance  to  the  bottom  rock " 
(granitoidite).  In  the  Giol.  M&q.  for  March,  1680,  p.  118,  Dr. 
Cnllnway  writes:  "Messrs,  ilonney  and  Houghton  have  detected  at 
Twt  Hill  a  passage  between  the  granitoidite  and  a  quartzose  con- 
glomerate with  a  S.E.  dip.  I  have  visited  this  section,  and  having 
exnriiined  the  rock  inch  by  inch,  I  can  entirely  confirm  their  identi- 
fication." 

Fin.  I.  (Oniintd  PUn  of  Twt  Ilill  Quutj). 


n.  Gmuiloid  IfcX'k  iit  'I'wt  Ilill.     r.   l:>iiud~ti,De. 

b.  Quartz  ConglumDiate.  /.  Email  Faulti. 

To  this  -view  of  the  position   of  tlie  qunrtz   conglomerate   as  a 

part  of  tlie  lowest  Pre-Carabrian    series,    Prof.  Huglies   took  ex- 

tiejitioa ;    a  careful   study  of  the  stratigraphical   relations   of   the 
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beds  having  led  him  to  refer  the  conglomerate  to  the  base  of  the 
Cambrian.  Prot  Hughes's  wide  experience  and  acknowledged 
ability  as  a  field  geologist  give  great  weight  to  his  opinion  on 
matters  of  stratigraphy,  but  certain  difficulties  have  presented 
themselves,  which  cannot  be  lightly  passed  over.  Apart  from  the 
alleged  passage  of  the  conglomerate  into  granitoidite,  described  by 
Prof.  Bonney,  Mr.  Houghton  and  Dr.  Callaway,  there  is  the  fact 
that  the  Cambrian  conglomerate  of  the  Bangor  district  and  other 
parts  of  Carnarvonshire  is  largely  made  up  of  pebbles  of  felsite, 
while  the  Twt  Hill  conglomerate  is  composed  chiefly  of  quartz 
pebbles  and  contains  no  felsite.  These  objections  I  believe  I  am 
in  a  position  to  meet. 

A  recent  visit  to  certain  sections  in  Anglesea,  and  a  re-examina- 
tion of  the  beds  at  Twt  Hill,  under  specially  favourable  conditions, 
enables  me  to  offer  additional  evidence  strongly  confirmatory  of 
Prof.  Hughes's  view  that  the  bed  in  question  is  the  Cambrian  con- 
glomerate. 

The  following  is  the  substance  of  notes  taken  during  several  visits 
to  the  Twt  Hill  quarry,  and  confirmed  on  the  6th  of  January,  when 
1  last  visited  the  district.  The  quarry  was  on  that  occasion  free 
from  brambles  and  undergrowth,  which  in  the  summer  somewhat 
obscured  the  section,  and  the  relations  of  the  beds  were  clearly 
ahown.  On  the  N.N.W.  side  of  the  quarry — western  comer — the 
granitoid  rock  is  succeeded  by  the  conglomerate,  which  in  some 
parts  is  fine,  in  others  coarse.  The  pebbles  are  mostly  quartz  ;  very 
rarely  one  of  dark  quartzite  or  schist  may  be  found.     They  vary 

Fig.  2.  Section  in  Twt  Hill  Quarry  from  a  to  c  (Ground  Plan). 


from  the  size  of  a  grain  of  wheat  to  that  of  a  pigeon's  egs^.     Tlie 

quartz    pebbles  frequently  exhibit  a  glazed   appearance,  and   the 

matrix   contains  crystals  of  iron   pyrites  disseminated    through  it. 

The  conglomerate  stretches  E.N.E.  and  dips  S.S.E.  at  an  angle  of 

about  60^.     Succeeding  it  and  bounding  the  southern  rim  of  the 

quarry  is  a  bed  of  sandstone,  which  may  also  be  detected  a  few  feet 

beyond  the  quarry.     That  this  rock  is  not  similar  to  the  bottom  rock 

(granitoidite)  is  clear  from  the  character  of  the  bed,  but  to  remove 

all  shadow  of  doubt,  I  have  procured  a  section  of  the  rock  for  the 

microscope,  and  the  result  completely  bears  out  the  stratigraphical 

inference.     Standing  in  the  quarry,  and  facing  towards  the  N.N.W. , 

the  conglomerate  is  seen  dipping  down  the  rock-face  towards  tlio 

spectator,  clinging  as  it  were  in  patches  to  the  underlying  granitoidite 

W)  as  to  give  an  appearance  of  beds  dipping  to  the  S.W.      It  is 

mnch  decomposed  by  the  weather,  and  the  pebbles  may  with  ease 

be  picked  out.     The  rocks  are  much  traversed  by  fissures,  which 

frequently  show  slickensided  surfaces  indicating  movemeiit,  uxi^  m 


196    ILD.Boberti—Onike  liri  EUI  ChnghmmsU,  Camartan. 

many  instanoes  small  sblfts  may  be  deteoted  by  carefully  tracifig 
bands  of  rook  aorosa  the  fisanres.  Many  of  tbe  oases  of  apparent 
passage  proved  on  dose  examination  to  lie  tbe  resnlt  of  small  fiinlta 
bringing  into  intimate  joxtaposition  the  oonglomerate  and  granitoidite. 
The  deoomposition  at  the  jonotions  in  parts  alM>  rendered  it  di£Bioalt 
at  first  sight  to  make  ont  the  relations  of  the  rooks,  bat  after  several 
hours'  oarefol  examination  of  the  seotion  at  diffeient  times,  I  enter- 
tain no  doubt  that  the  oonglomerate  is  qnite  distinct  from  the 
granitoidite  and  belongs  to  a  later  period. 

At  the  eastern  end  of  the  qnarry  the  typical  granitoid  rook  is 
qnarried,  and  it  presents  considerable  rariation  in  appearance  in 
different  parts  of  the  qoarrv ;  it  is  traversed  at  one  spot  by  bands 
of  white  qoarts,  which  migtkt  well  have  famished  the  materials  of 
the  pebbles  in  the  conglomerate.  More  than  once  in  a  N.E. 
direction  these  beds  are  again  exposed,  notably  in  a  quarry  between 
Tygwyn  and  Ysyuborwen.  There  the  oondbmerate  is  seen  some- 
what coarser  in  character  than  in  the  Twt  Mill  quarry,  alternating 
with  beds  of  grit  and  sandstone  and  showing  the  same  strike  and 
dip.  Pebbles  of  jasper,  quartzite  and  scnist  are  rather  more 
numerous  here  and  the  character  of  the  bed  is  well  shown. 

The  evidence  seems  therefore  clearly  against  the  view  that  the 
conglomerate  with  its  associated  grits  and  sandstones  is  a  part  of  the 
Pre-Cambrian  granitoid  series.  On  the  other  hand  nothing  hitherto 
said  points  conclusively  to  the  base  of  the  Cambrian  as  the  true 
position  of  these  beds.  To  the  complete  and  final  settlement  of  the 
matter  it  is  necessary  that  either  undoubted  fossiliferous  Cambrian 
beds  should  be  traced  down  into  the  deposits  in  question,  or  bettei 
still  that  fossils  should  be  found  in  the  sandstones  themselves 
overlying  the  oonglomerate.  Both  these  demands  can,  I  believe,  be 
satisfied.  The  evidence  has  been  obtained  in  another  district  where 
the  exposures  are  more  numerous  and  the  stratigraphical  relatione 
more  readily  made  out  than  in  Carnarvonshire.  On  two  oocasionB 
last  year  I  had  the  advantage  of  being  conducted  by  Prof.  Hughes 
over  parts  of  Anglesea,  where  we  found  beds  not  distinguishable 
from  those  exposed  at  Twt  HilL    I  shall  refer  to  three  sections. 

1.  On  the  shore  in  Dulas  Bay,  a  few  miles  to  the  S.E.  of  Amlwch, 
black  slates  occur,  in  which  we  had  the  good  fortune  to  discovei 
Graptolites.  These  will  be  described  in  a  forthcoming  paper  by 
Prof.  Hughes.  We  traced  the  beds  inland,  and  finally  made  a 
traverse  across  the  strike  with  the  object  of  finding  if  possible  the 
basement  conglomerate.  The  black  slates  we  traced  passing  down 
into  brown  sandstones,  and  these  into  a  conglomerate  identical  in 
petrol ogical  character  with  the  Twt  Hill  oonglomerate.  It  is  well 
Hhown  in  a  quarry  at  Penlon,  about  two  miles  due  west  of  Traetli 
Dulas.  The  appearance  of  the  quarry  is  singularly  like  that  at 
Twt  Hill.  The  oonglomerate,  made  up  of  quartz  pebbles,  rests  on 
granitoid  rook  and  passes  up  into  brown  sandstones. 

2.  Dr.  Callaway  states  in  the  Gbological  Magazine,  for  March, 
1880,  p.  118,  that  near  Nebo,  two  miles  S.E.  of  Amlwch,  he 
discovered  in  two  quarries  a  quartzose  oonglomerate,  "  lithologioallj 
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perfectly  indistinguishable  from  the  Twt  Hill  rock,"  which  he  holds 
to  be  unconformably  overlaid  by  black  Cambricui  shales,  and  thus 
according  to  his  view  proving  the  Pre-Cambrian  age  of  the  grit 
In  company  with  Prof.  Hughes,  I  visited  these  quarries  towards  the 
close  of  last  year.  We  found  the  conglomerate  and  grit  and  the 
black  shales  against  them,  but  saw  no  unconformability.  The  black 
shales  crashed  and  broken  at  the  junction  are  faulted  against  the 
conglomerate  in  the  manner  shown  in  Fig.  3. 

Fio.  3.  Section  in  Quarry  J  E.S.E»  of  Nebo,  Amlwch. 


ff.  Black  slate,    b.  Jointed  and  veined  grit  conglomerate  in  parts.    /.  Fault. 

In  the  larger  quarry  the  grit  and  conglomerate  are  much  traversed 
by  joints  running  in  the  same  direction  as  the  fault,  which  joints 
might  easily  be  mistaken  for  lines  of  bedding,  and  the  shale  would 
then  appear  to  be  resting  on  the  ''upturned  edges"  of  the  con- 
glomerate. These  sections,  therefore,  do  not  bear  out  Dr.  Callaway's 
interpretation. 

3.  About  a  mile  and  a  quarter  from  Llanerchymedd,  on  the  S.W. 
road,  not  far  from  Bryngwailen,  the  granitoid  series  is  exposed  in  a 
quarry  on  the  S.  side  of  the  road.  On  the  opposite  side,  in  a  field, 
about  50  yards  from  the  road,  another  quarry  has  been  opened  in 
beds  of  grit  and  conglomerate.  The  latter  is  composed  of  pebbles 
of  quartz,  imbedded  in  a  matrix  containing  crystals  of  pyrites,  and 
resembles  in  all  respects  the  conglomerates  of  Penlon,  Nebo,  and 
Twt  Hill.  It  passes  up,  as  does  the  conglomerate  in  the  other 
sections,  into  grit  and  sandstone.  The  sandstone  only  a  few  feet 
from  the  conglomerate  includes  a  fossiliferous  band  containing 
Orthides.  This  fixes  the  position  of  the  sandstones  and  with  them 
the  quartz  conglomerate  into  which  they  pass.  Even  if  it  be 
denied  that  this  conglomerate  and  the  Tsvt  Hill  conglomerate  are 
identical  in  spite  of  their  singular  resemblance  to  one  another,  this 
discovery  removes  the  only  really  strong  a  priori  argument  against 
referring  the  Twt  Hill  bed  to  the  Cambrian  series,  viz.  the  absence 
of  felsite  pebbles.  The  Bryngwallen  conglomerate,  which  passes 
up  into  fossiliferous  sandstone,  is  composed  of  pebbles  of  quartz, 
imbedded  in  a  felspathic  matrix  and  is  not  distinguishable  in  the 
field  from  the  Twt  Hill  conglomerate. 

III. — ^OLiAN  Sandstone. 
By  T.  Mellard   Reade,   C.E.,    F.G.S. 

AS  bearing  upon  the  subject  of  Mr.  J.  Arthur  Phillips's  interest- 
ing and  valuable  paper  in  the  last  number  of  the  Quarterly 
Joamal  of  the  Geological  Society,  entitled,  **  On  the  Constitution 
and  History  of  Grits  and  Sandstones,"  a  description  of  a  cliflf  section 
of  blown  sand  now  to  be  seen  on  the  coast  at  Cro€\)j  tx^Ai^  iiO\.  \^^ 
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without  value.  Tlie  seotion  in  question,  whioh  attracted  the  attention 
of  a  local  geologist,  Mr.  William  Senimons,  and  myself,  is  at  a  point 
on  the  coast  where  the  sea  is  encroaching  upon  the  sand-dunes,  and 
washing  them  away  at  the  base  leaves  the  face  almost  verticaL  The 
resemblance  of  the  sand  to  rock  is  most  striking,  presenting  all  those 
peculiarities  of  cross-bedding  and  lines  of  erosion  we  are  familiar 
with  in  some  of  the  Triassio  sandstones  of  the  neighbourhood. 
During  the  last  twelve  years,  in  walks  along  the  shore,  1  have  often 
observed  thq  laminations  of  the  blown  sand  disclosed  by  denudation, 
but  never  so  strikingly  as  in  the  present  case.  The  beds  not  only 
display  delicate  laminations,  but  stand  out  in  ribs  and  cornices, 
simulating  Gothic  mouldings  in  profile.  On  trying  how  so  loose 
a  material  as  blown  sand  could  retain  these  projecting  forms,  I  was 
surprised  to  find  the  projections  comparatively  hard  and  solid.  On 
breaking  a  piece  off,  the  reason  became  apparent ;  for  instead  of  the 
usually  dry  incoherent  grains  of  sand,  below  the  surface-skin  the 
sand  was  quite  damp.  A  very  little  addition  of  siliceous  or 
calcareous  cement  would  turn  the  mass  into  rock. 

The  explanation  is  obvious.  The  late  very  wet  winter  has  allowed 
the  entire  mass  of  the  sand-hills  to  become  saturated  with  moisture, 
and  the  water  adhering  to  the  grains  gives  them  cohesion.  The  sea 
saps  the  base,  and  the  wind  acting  upon  the  vertical  face  of  the  sand 
so  produced,  developes  the  latent  form  of  rock-structure  contained 
within  it. 

The  microscope  shows  that  the  grains  are  much  rounded,  but 
in  this  case  not  solely  by  wind  action.  There  is  no  doubt  that  the 
grains  of  sand,  before  being  finally  built  up  into  sand-dunes,  are 
washed  over  the  shore  again  and  again.  They  are  blown  over  the 
shore  at  neaps  in  strong  winds,  and  as  often  devoured  again  by  the 
sea.  We  are  also  unaware  of  the  initial  shape  of  the  grains,  as 
I  have  no  doubt  they  are  primarily  derived  from  the  Triassic  rocks, 
and  secondarily  in  part  from  the  drift.  Tlie  rounding  may  therefore 
be  the  result  of  ages  of  abrasion.  What  wonder  then  that  Mr. 
Pliillips  finds  that  five  miles  of  travel  down  stream  did  little  or 
nothing  towards  rounding  grains  of  siliceous  sand  I 

Outside  the  estuary  of  the  Mersey  are  great  sand-banks,  such  as 
the  Burbo  Bank,  continually  shifting,  yet  preserving  a  certain 
permanence  of  form.  Admiral  Spratt,  F.R.S.,  the  Acting  Con- 
servator of  the  Mersey,  in  his  report  for  1879,  considers  that  the 
sand  is  continually  travelling  in  great  circles,  in  directions  he 
particularly  describes,  round  these  banks.  Here  then  is  a  great 
grinding  mill  for  rounding  the  grains,  as  doubtless  many  of  them 
have  been  on  the  banks  before  getting  washed  on  to  the  shore. 

IV. — The   Mammoth   in   EuKorB.* 
By  IIexry  n.  Howorth,  F.S.A. 

HAVING  considered  the  conditions  under  which  the  Mammoth 
lived   in  Siberia,  we   now  propose  to  turn  to  the  parallel 
problem  in  Europe,  and  to  show  that  the  mode  of  life  was  practically 

^  Continued  from  the  Geological  Magazine,  1880,  Decade  II.  Vol.  VII.  p.  661. 
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the  same  in  both  areas,  and  that  the  problem  which  has  to  be  solved 
is  virtually  the  same  in  both. 

It  is  true  that  in  Siberia  we  find  carcases  of  the  Mammoth 
remaining  with  their  flesh  intact,  a  circumstance  which  is  not  known 
in  Europe ;  but  this  is  entirely  due  to  the  fact  that  the  ground  in  no 
part  of  Europe  which  has  been  sufficiently  explored  is  frozen  all 
the  year  round,  so  as  to  enable  the  soft  parts  of  the  Mammoth  to 
be  preserved.  The  country  east  of  the  White  Sea,  and  between  it 
and  the  great  gulf  of  the  Obi,  may  very  possibly  satisfy  this  con* 
dition ;  but  it  is  virtually  a  terra  incognita  in  regard  to  its  geology, 
and  it  is  only  recently  that  its  superficial  aspects  have  been  examined 
with  any  attention.  Elsewhere  in  Europe,  the  ground  in  summer  is 
not  permanently  frozen,  and  it  therefore  cannot  preserve  what  is  so 
subject  to  rapid  decay  as  the  flesh  of  animals.  But,  although  we 
have  not  the  flesh  itself,  we  have  what  is  equivalent  to  it  for  our 
purpose,  namely,  the  preservation  of  skeletons,  with  their  various 
bones  remaining  in  position,  and  under  circumstances  which  make 
it  clear  that  when  buried-  they  were  clothed  with  flesh,  just  as  the 
bodies  in  Northern  Siberia  were,  and  that  it  is  only  an  absence  of 
the  requisite  cold  which  has  interfered  with  their  complete  preserva- 
tion. We  find  in  Europe  what  we  find  in  Central  Siberia.  There 
also  the  cold  is  not  sufficient,  and  in  consequence  we  have  in  that 
area  no  bodies  with  their  flesh,  but  only  skeletons.  Such  an  one 
was  that  found  by  Messei-scbmidt  on  the  river  Tom,  south  of  Tomsk, 
and  referred  to  by  Strahlenber<^,  ^nd  another  referred  to  by  the 
same  author,  found  near  Lake  Tzana,  between  Tara  and  Tomskoi, 
which,  from  his  account,  still  retained  its  articulations  (Strahleu- 
berg,  p.  404). 

To  most  of  us  it  is  difficult  to  realize  how  purely  artificial  the 
terms  Europe  and  Asia  are.  How  they  correspond  to  nothing,  either 
in  historical  or  physical  geography.  The  Ural  mountains  form  no 
frontier  that  has  been  of  the  slightest  interest  in  history,  while  as 
a  physical  formation  they  are  of  even  less  importance.  Their 
moderate  height  and  frequent  passes  have  formed  no  harriers,  either 
botanical  or  zoological,  and  the  country  with  its  living  fades  is 
practically  the  same  on  both  sides  of  the  chain.  It  is  not  a  mere 
figure  of  speech  by  which  my  friend  Mr.  Seebohm,  in  describing  his 
recent  journey  to  the  Petschora,  calls  that  area  "  Siberia  in  Europe." 
Sil>eria,  as  a  physical  province,  really  begins  with  the  great  Polish 
plain,  and  includes  the  monotonous  levels  of  European  Kussia. 
This  being  so,  it  is  not  remarkable  that  we  should  find  in  European 
Kussia,  skeletons  of  Mammoths  occurring  under  similar  conditions 
to  those  of  Siberia,  and  equivalent,  as  we  have  seen,  if  the  conditions 
of  climate  were  the  same,  to  the  occurrence  of  bodies  with  tlieir 
flesh  intact.  The  most  important  of  these,  and  the  one  of  whose 
discovery  we  have  the  greatest  details,  was  found  al>oi\t  the  year 
1846,  near  Moscow.  The  skeleton  was  found  at  Troitzkoe,  not  far 
from  Khoroschowo,  in  the  bed  of  a  dried-up  stream,  which  must 
once  have  fallen  into  the  river  Moskwa.  It  was  described  by  Prof. 
Charles  KouilUer,  the  •then  Secretary  of  the  Imperial  Soci\fe\.^  cii 
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Naturalists.  The  skeleton  was  standing  verHeattjf^  the  fore-feel 
having  sunk  lower  than  the  hind  ones,  and  Biandt  says  that  it 
must  have  suuk  down  in  soft  mud.  His  remaining  remarks  are  so 
exactly  what  I  would  urge,  that  I  prefer  to  quote  them  in  the 
original  as  the  words  of  a  yery  skilled  palasontologist  He  says : 
**  Wurde  das  Moskauer  Gk)yemement  damals  einen  ewig  gefroreren 
Boden  besessen  haben  und  nooh  bis  auf  heute  besitzen  fihnlioh  wie 
der  Norden  Siberiens,  so  wfirde  das  fragliohe  Mammuth  wohl  als 
ganzes  Cadaver  zum  Yorschein  gekommen  sein." — Bulletin  de  la 
Soa  Imp.  des  Natur.  de  Mosoon,  vol.  xL  part  ii  p.  250. 

About  1826,  aooording  to  a  oommunioation  made  by  Pander  to 
Brandt,  there  was  found  on  the  banks  of  a  river  near  retersburgh 
the  skeleton  of  a  Mammoth,  which  was  also  in  an  upright  position 
(Bericht  ueber  die  Verhandl.  Berliner  Aoad.,  1846,  pp.  225,  226). 
This  skeleton  may  be  paired  with  another  disoovered  in  1776  at 
Swijatosski,  17  versts  from  St  Petersburgh,  and  whioh  is  mentioned 
by  Buffon  (see  De  BlainviUe,  Osteographie,  p.  108). 

Tilesius  mentions  that  a  complete  Mammoth's  skeleton  was  found 
at  Struchof  in  the  government  of  Kazan. 

In  1821,  as  appears  from  a  letter  written  to  Cuvier  from  St. 
Petersburgh,  thero  were  found,  in  the  government  of  Woronej,  two 
entire  skeletons,  whose  tusks,  although  broken,  wero  many  feet  long. 
It  was  argued  these  were  the  remains  of  elephants  brought  to  Russia 
during  the  invasion  of  the  Tartar,  Mamai  (Cuvier,  Ossemens  Fossiles, 
vol.  ii.  p.  164). 

Travelling  to  another  oomer  of  European  Eussia,  Von  Nordmann 
mentions  the  discovery  of  a  complete  skeleton  40  versts  from 
Odessa,  seven  fathoms  under  the  ground,  of  which  he  secured  a 
portion  of  a  hip  bone  and  two  tarsi  (Paleeontologie  Sddrusslands, 
p.  273). 

In  Western  Eussia,  De  BlainviUe  reports  the  fishing  up  of  the 
molar  of  a  young  animal  with  other  hones  of  the  ekeUion  from  the 
river  Uscba,  near  the  Obrinka,  not  far  from  Grodno  {op.  dt.  p.  112). 

Hagenius  (Beitrage  zur  kunde  Preussens,  vol.  i.  p.  66)  reports 
how  the  illustrious  "  Castellanus  Sremensi "  had  informed  him  that  a 
whole  skeleton  of  an  elephant  was  found  at  the  town  of  Oruczno  on 
the  Vistula,  which  was  broken  to  pieces  by  the  peasants,  but  he 
secured  part  of  a  tusk  (see  Baer,  de  Fossilibus  Mammalium  reliquis, 
p.  13). 

In  Germany  several  cases  are  known.  Of  these  the  most  famous, 
perhaps,  were  the  two  skeletons  found  at  Tonna,  in  the  province  of 
Gotheu  One  of  them  was  disoovered  in  1696,  and  a  femur  with  the 
head  of  another,  a  humerus,  some  vertebrae  and  ribs,  together  with 
the  skull,  four  molars,  and  two  tusks  were  recovered.  Tentzel 
described  the  remains  in  the  19th  volume  of  the  Philosophical 
Transactions,  and  proved,  by  an  elaborate  examination,  against 
the  views  of  the  doctors  of  G^tha,  that  these  bones  were  not 
lu8U8  natura,  but  the  remains  of  an  elephant  The  perfection  of 
the  skeleton  may  be  judged  from  Tentzel's  words:  ''Equidem 
n/hlJ  dubitare  attinet,  quin  omnia  reperta  sunt  ad  absolvendum 
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Elepbanii  sceleton  neoessaria "  (see  Tentzel,  Epist.  de  Soeleto 
Eleph.,  Phil.  Trans,  vol.  xix. ;  Cuvier,  Ossemens  Fossiles,  4th  ed. 
Tol.  iL  pp.  81 — 84). 

A  seoond  skeleton  described  by  Cuvier  was  discovered  50  feet 
from  the  former  one.  This  was  in  a  cramped  and  curved  position, 
ocoopying  a  space  20  feet  in  length,  the  hind-feet  being  near  the 
tusks.  The  latter  had  fallen  out  of  the  alveoles  and  were  crossed 
(Cuvier,  op.  eiL  p.  85). 

From  the  valley  of  the  Oder  we  have  the  record  in  Volkmann's 
SQesia  subterranea  of  the  discovery  of  the  bones  of  a  giant  in 
digging  the  foundation  of  a  church  at  Leignitz.  These  bones,  like 
similar  bones  from  other  sites,  were  probably  those  of  a  Mammoth. 

Brockman  (Epist.  itin.  p.  30)  mentions  the  finding  of  a  skeleton 
of  a  Mammoth  at  Tiede,  in  the  valley  of  the  Ocker,  a  short 
distance  from  Wolfenbuttel,  of  which  Leibnitz  figured  a  molar  tooth. 
Another  skeleton  was  found  at  Osterode,  at  the  foot  of  the  Hartz, 
by  Dr.  Koenig.  These  finds  are  both  mentioned  by  De  Blainville, 
who  adds  that  skeletons  have  also  been  found  in  the  valley  of  the 
Uustrut  {op,  ctt.  p.  119).  Schlotheim  mentions  an  entire  skeleton  of 
a  Bhinoceros  found  in  1784  at  Ballenstedt,  which  was  broken  by 
the  workmen  (Cuvier,  op.  cit.  p.  93). 

South  Germany,  with  its  mountainous  contour,  was  not  well 
adapted  to  the  habits  of  the  great  pachyderms,  and,  like  the 
mountainous  district  of  Siberia,  is  not  so  fruitful  in  Mammoths' 
remains  as  the  more  level  country.  We  a  fortiori,  therefore,  do 
not  meet  with  so  many  cases  of  skeletons  or  partB  of  skeletons 
found  more  or  less  intact.  In  1606  a  tusk  with  some  Elephants' 
bones  were  found  near  Halle,  in  Suabia ;  the  tusk  still  hangs  in  the 
church  of  Halle  (Cuvier,  op,  cit.  p.  95).  Schlotheim,  in  his  Connais- 
sance  des  Petrifactions,  p.  5,  speaks  of  a  skeleton  found  near  Passau, 
at  the  confluence  of  the  Inn  and  Danube  (see  Cuvier,  op.  cit.  p.  97). 
In  1807  many  portions  of  an  elephant's  skeleton  well  preserved 
were  found  at  Neustaedt  or  Vag  Ugheli,  on  the  Vag  in  Hungary  (id. 
pp.  98,  99),  A  vertebra,  teeth  and  ribs,  forming  no  doubt  portions 
of  a  similar  skeleton,  were  found  in  Syrmia  between  the  Save  and 
the  river  of  Baczinco  (id.  p.  99). 

When  we  travel  into  the  Rhine-lands,  we  find  ourselves  in 
a  district  rich  in  remains  of  the  Mammoth,  and  several  skeletons 
are  recorded  as  having  been  found  there. 

In  1577  the  skeleton  of  a  so-called  giant  was  found  at  Lucerne 
under  an  oak-tree  which  was  overturned  by  a  storm.  Felix  Plater, 
professor  of  medicine  at  Basle,  described  the  bones  as  the  remains 
of  a  giant,  and  designed  a  human  skeleton  nineteen  feet  high,  to 
match  the  bones,  of  which  a  picture  is  still  preserved  in  the  Jesuits' 
College  at  Lucerne.  On  it  is  an  inscription  giving  a  list  of  the 
bones.  These  bones  were  seen  by  Blumenbach,  and  recognized[^  as 
those  of  an  elephant  (Cuv.  op.  cit.  pp.  72,  73). 

In  the  year  7  of  the  first  Republic,  an  almost  complete  skeleton 
was  found  at  Vendenheim,  a  short  distance  from  Strasburgh,  in  an 
outlier  of  the  Vosges.    A  few  years  earlier,  anoftiw  ^^^l^xi^xi  ^^^ 
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found  at  Eppig,  eight  leagues  below  Strasburgh,  also  in  the  Yosges 
(id.  p.  127;  De  BlainviUe,  p.  74).  An  entire  skeleton  with  two 
tusks  is  reported  by  De  Blainville  as  having  been  found  under 
vegetable  soil  close  to  the  walls  of  Stuttgart,  on  the  Neckar,  in 
Wurtemberg.  Merk  describes  the  various  bones  of  an  elephant 
found  together  at  Erfelden  in  Darmstadt. 

But  it  is  wlien  we  reach  the  alluvial  iBats  of  the  Low  Countries 
that  we  find,  as  we  should  expect,  the  most  notable  examples 
of  what  we  are  describing.  Lulof  speaks  of  a  tooth  and  many 
bones  of  an  elephant  found  in  the  valley  of  the  Yssel,  near  Zutphen 
(Cuv.  pp.  79,  60). 

In  1G43  an  entire  skeleton  was  disinterred  at  Bruges  by  Otho 
Sperling,  of  wliich  a  femur  still  remains  in  the  Danish  Collection 
(Cuv.  pp.  G8,  69).  Two  entire  skeletons  with  molar  teeth  and  tusks 
were  found  in  digging  the  Canal  from  Brussels  to  Kupemonde,  near 
Yilvorden  (De  Blainville,  p.  130).  In  1742  a  skeleton  was  found  in 
marl,  half  a  league  from  Ostend  (id.). 

It  was  in  February,  1860,  however,  that  the  most  important 
discovery  of  this  kind  took  place  in  Belgium,  namely,  at  Lierre, 
between  Antwerp  and  Malines,  where  the  bones  of  a  Mammoth 
were  discovered,  and  secured.  These  remains  were  described  in 
the  Bulletin  of  the  Belgian  Academy  (2nd  ser.  vol.  ix.  pp.  405 
and  436).  The  magnificent  skeleton  possessed  by  the  Royal 
Museum  at  Brussels,  and  which  gives  to  that  collection  such 
importance  in  the  eyes  of  pala3ontologists,  proves  how  rich  this 
deposit  was. 

In  Britain  the  remains  of  the  Mammoth  have,  for  the  most  part, 
been  found  detached  and  separate ;  but  this  has  not  been  universally 
so,  the  great  skeleton,  thirty  feet  long,  found  at  Harwich  in  a 
decayed  condition,  being  a  notable  instance  to  the  contrary. 

In  France  we  have  several  examples  to  quote.  It  must  be  re- 
membered that  until  comparatively  recently,  when  skeletons  of 
a  large  size,  and  which  were  in  all  probability  those  of  Mammoths, 
were  discovered,  they  were  attributed  to  giants,  and  that  from  early 
times  the  discoveries  of  such  giants  are  not  infrequently  reported  ; 
in  fact,  a  very  large  series  of  such  examples  was  collected  by  Cuvier. 
A  typical  specimen  is  the  one  mentioned  by  Pblegon,  of  Tralles, 
who  described  a  body  of  an  immense  size  exposed  by  an  earthquake 
near  the  Cimmerian  Bosphorus,  whose  bones  were  thrown  into  the 
Maeotis. 

One  of  the  most  interesting  of  these  so-called  giants  was  dis- 
covered at  Langon,  near  Romans,  in  Lower  Dauphiny,  in  France,  in 
the  reign  of  Louis  XIIL,  which  led  to  a  great  dispute,  in  which  it 
was  argued  fiercely  by  some  learned  doctors  that  the  bones  were 
those  of  Teutoboccus,  the  king  of  the  Teutons  and  Cirabri,  defeated 
by  Marius  in  150  b.o.  They  were  opposed  by  Riolan,  who  argued 
that  they  belonged  to  an  Elephant.  These  bones  naturally  became 
precious,  and  were  preserved  by  the  proprietors  of  Langon,  and 
through  the  influence  of  De  Blainville  they  were  eventually 
deposited  id  the  Paris  Museum,  and  shown  to  be  those  of  the 
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Mammotli  (see  Gkrvais,  Zoologie  et  Paleontologie  Fran^aise,   pp. 
33-34). 

A  skeleton  of  a  Mammoth  was  found  on  the  right  bank  of  the 
Liower  Bhone  near  Lavoulte  in  the  department  of  Ardeche.  It  was 
almost  entire,  and  was  described  by  Soulaire  (Hist.  Nat.  de  la  France, 
▼oL  ii.  p.  198).  Another  almost  entire  skeleton,  with  the  remains  of 
other  animals,  is  described  in  the  Bull,  of  the  Geol.  Soa  of  France, 
(2nd  ser.  vol.  xxiL  p.  414),  as  having  been  found  at  Trosly  Loire, 
west  of  Coucy  le  Chateau,  in  a  cavity  in  the  chalk. 

Cavier  {op,  eiU  vol.  ii.  p.  155)  mentions  the  finding  in  August, 
1824,  of  portions  of  the  skeleton  of  an  elephant  on  a  hill  separating 
the  Rhone  and  Saone. 

Lastly,  we  may  quote  in  his  own  words  an  interesting  passage 
from  a  communication  made  by  M.  Baillon,  correspondent  of  the 
Natural  History  Museum ;  speaking  of  his  discoveries  at  Menche- 
court,  he  says  of  some  of  the  bones :  ''  lis  y  sent  entiers,  sans  brisure 
ni  frottement,  et  il  est  probable  quHU  etaient  encore  arttctiUs  quand 
ih  oni  iU  recotiverU.  J*y  ai  trouve  un  membre  posterieur  de  Rhino- 
ceros dont  les  os  etaient  encore  dans  leur  situation  relative  ordinaire, 
lis  ont  du  ^tre  joints  par  des  ligaments  et  meme  entour6s  de  muscles 
h  I'epoque  de  leur  enfouissement  Le  squelette  entier  du  meme 
animal  gisait  a  pen  de  distance.  J'ai  remarque  que  toutes  les  fois 
qa'on  rencontrait  des  ossements  disposes  de  cette  mani&re  et  pour 
ainsi  dire,  encore  articules  on  trouvait  egalement  que  le  sable 
formait  sur  un  de  leurs  cotes  un  agglomeration  trus  dure"  (Bull. 
G^eol.  Soc.  of  France,  2nd  ser.  vol.  xxi.  p.  40).  Tlie  agglomeration 
of  hard  sand  mentioned  in  the  concluding  sentence  seems  to  point  to 
the  carcase  having  decayed  close  by  and  thus  given  a  more  or  less 
cohesive  texture  to  the  inclosing  material. 

I  do  not  propose  to  travel  into  Italy  or  Spain,  where  our  problem 
becomes  complicated  by  our  entering  another  zoological  province, 
which  in  fact  we  partially  do  in  France  and  England,  where,  as  Sir 
Charles  Lyell  and  Mr.  Dawkins  long  ago  pointed  ont,  we  are  on  the 
verge  where  two  such  provinces  more  or  less  overlap,  and  we  conse- 
quently meet  with  forms  ^Elepha a  antiquus,  Rhinoceros  leptorhinus, 
and  Hippopotamus  major — which  are  not  found  further  to  the  north- 
east. We  do  not  profess  in  this  i>aper  to  give  a  complete  list  of  the 
skeletons  of  the  great  pachyderms  that  have  occurred  in  Europe. 
Ours  has  necessarily  been  but  a  casual  gleaning  ;  but  the  cases  cited 
will  suffice  to  show  that  such  skeletons  have  been  found  in  all  parts 
of  the  European  continent,  from  the  Urals  to  the  Western  limits  of 
the  occurrence  of  Mammoth  remains,  and  have  not  been  so  infre- 
quent nor  so  limited  as  to  locality  as  some  have  supposed.  In 
addition  to  the  skeletons  of  the  pachyderms,  we  might  have  quoted 
a  catena  of  examples  of  the  occurrence  of  skeletons  more  or  less 
complete  of  the  lesser  mammals,  which  prove  the  same  facts,  e.g, 
the  cases  of  the  numerous  entire  skeletons  of  the  Irish  Elk  found  in 
Ireland  and  the  Isle  of  Man,  and  of  the  perfect  skeletons  of  Marmots 
found  at  Aix-la-Chapelle,  and  Fisherton  in  Somersetshire.  Cuvier 
reports  the  disoovery  of  a  foaall  skeleton  of  a  hoxBe  al  I^t^,  u^^x 
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Ganstadt  (0.  F.  p.  94),  of  akeletoiu  of  the  Bed-deer  at  Wiediko^ 
Flarlingen,  and  Oeningen,  of  the  Bo$  primgeniug',  in  Hanovery  an< 
similar  oases  might  of  ooorse  be  quoted  "at  oonsiderable  length.  Th* 
museum  at  Lund  in  Sweden  alone  supplying  exoellent  materials. 

These  examples  will,  however*  BvMoe  to  show  how  very  geners 
the  preservation  of  intaot  skeletons  oorresponding  under  othe 
climatio  conditions  to  the  bodies  preserved  with  their  flesh  intao 
in  Siberia  is  in  Europe. 

As  in  Siberia,  the  great  migority  of  the  remains  of  Mammoths  m 
doubt  consist  of  scattered  bones,  and  of  these  suoh  a  number  hai 
been  discovered  that  it  would  cooupy  a  folio  to  describe  them, 
will  here  only  call  attention  to  two  or  three  examples,  which  seen 
to  point  to  some  generalisations  on  the  limits  of  distribution  of  tb 
Mammoth  in  Europe  having  to  be  reconsidered. 

It  was  long  ago  observed  that  the  borders  of  the  Baltic  are  mud 
less  fertile  in  luunmoth  remains  than  those  of  the  North  Sea,  anc 
they  do  not  in  fact  seem  to  have  occurred  in  some  large  distrioti 
boidering  upon  it  At  all  events  they  are  not  named  by  Eiohwald  ai 
occarring  in  Livonia,  nor  are  they  named  from  Ingria  or  Lithuania 
It  is  therefore  natural  that  when  we  get  further  north  than  this  ii 
should  be  concluded  that  they  do  not  occur  at  alL  Thus  it  has  beer 
asserted  that  the  Mammoth  has  not  occurred  in  Scandinavia. 

Scandinavia  and  Finland  have  in  some  respects  virtually  the  same 
physical  features.  Now  Guvier  expressly  tells  us  that  he  receivec 
a  lower  molar  tooth  of  a  Mammoth,  which  had  been  found  ir 
Ostro-Bothnia  in  Finland,  from  M.  Quesnel,  who  was  in  charge  o 
the  Natural  History  Go!  lection  at  Stockholm.  He  refers  further  tc 
some  gigantic  bones  disinterred  at  Falkenberg  in  the  province  oi 
Hal  land  in  Sweden  in  1733  by  M.  Daebeln,  and  of  which  he  gave 
figures  in  the  Act  Acad.  Nat  Gur.  5,  tab.  5.  Guvier  says  that  these 
figures  apparently  represent  the  first  rib  and  carpal  bone  of  an 
elephant. 

In  Denmark  remains  of  the  Mammoth,  altliough  infrequent,  have 
certainly  occurred.  A  tooth  was  exhibited  at  the  Congress  of  Anthro- 
pology at  Copenhagen  in  1869,  which  was  found  near  Odense,  and 
M.  Valdemar  Schmidt,  who  exhibited  it,  said  a  small  number  oi 
other  teeth  found  in  different  parts  of  Denmark  are  preserved  in  the 
Zoological  Museum  attached  to  the  University  (Comptes  Rendu,  p.  31). 

A  more  curious  locality  is  Iceland,  which  is  reported  in  a  memoir 
by  Thomas  Bartholin,  in  an  early  number  of  the  Copenhagen 
Academy,  where  we  read  of  a  molar  tooth  sent  by  Kesenius  from 
Iceland,  and  given  by  hira  to  the  University  of  Copenhagen.  It  is 
described  as  petrified  like  flint,  and  we  are  told  that  Sir  Hans  Sloane 
had  a  similar  tooth  whose  origin  was  unknown  (see  Guvier,  O.  F. 
p.  117).  It  ought  to  be  added  that  De  Blainville  has  suggested  that 
these  teeth  perhaps  belonged  to  the  Mastodon,  whose  teeth  often 
have  this  flinty  texture.  It  is  quite  clear  that  the  physical  con- 
figuration of  both  Scandinavia  and  Finland,  as  in  the  cases  of  the 
North  of  Scotland  and  of  Brittany,  would  make  these  areas  uncon- 
genial  to  the  Mammoth.     Just  as  the  thick  forests  which  then 
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probably  covered  Ireland,  and  were  the  favourite  retreats  of  the 
Megaoero8,  were  also  uncongenial  to  it,  so  that  its  remains  are  very 
rare  there ;  but  it  is  important  to  remember  that  the  reasons  for  its 
rarity  in  these  areas  were  topographical  and  not  climatic  ones. 

We  saw  that  one  of  the  curious  features  of  the  distribution  of 
the  extinct  mammals  in  the  surface  deposits  of  Siberia  was  their 
oocnrrenoe  in  immense  hecatombs,  in  which  the  bones  of  various 
animals  are  mixed  together  pell-mell.  The  very  same  thing  occurs 
also  in  Europe.  Your  readers  are  familiar  enough  with  the  famous 
deposit  found  at  Canstadt,  in  Wurtemberg,  in  1700.  Reisel  says 
that  more  than  sixty  tusks  from  this  deposit  were  sent  to  the 
Pharmacy  of  the  Court,  to  be  used  as  fossil  Unicorns'  bones.  In 
this  great  deposit  the  bones  and  teeth  lay  in  a  confused  mass  in 
a  deposit  of  yellow  brickearth,  containing  fresh-water  shells.  Many 
of  the  remains  from  this  deposit  are  now  at  Stuttgardt,  and  include 
Elephant,  Bhinoceros,  Horse,  Deer,  Oxen,  and  small  Camivora.  In 
1816  another  great  depdt  or  cache  of  the  same  kind  was.  discovered 
at  Seelberg,  about  600  paces  from  Canstadt,  on  the  other  side  of  the 
Neckar,  and  excavations  were  systematically  carried  on.  In  twenty- 
four  hours,  twenty-one  teeth  and  parts  of  teeth,  and  many  bones, 
were  found ;  on  the  second  day,  thirteen  tusks,  placed  close  together, 
with  many  molars.  The  greater  part  of  the  tusks  from  this  site, 
although  they  had  lost  their  alveolar  portion  and  their  points,  were 
eight  feet  long,  the  molars  were  from  two  inches  to  a  foot  in  length, 
and  some  were  found  still  adhering  to  the  jawbones.  The  tusks 
were  much  curved.  As  in  1700,  the  Elephants*  remains  were  found 
mixed  with  those  of  the  Khinooeros,  Horse,  Stag,  Bear,  etc.  (Cuvier, 
0.  F.  pp.  86-92). 

In  1817  M.  Berger,  of  Brunswick,  found  an  immense  depot  of 
bones  and  tusks  of  Elephants  mixed  with  the  bones  of  Bhinoceros, 
Horses,  Cattle,  and  Deer,  in  the  district  of  Lindenberg,  on  the  Ocker. 
Eleven  tusks  and  thirty  molars  were  clearly  distinguished  as  those 
of  the  Mammoth  (id.  pp.  101-102). 

In  the  reign  of  Peter  the  Great  an  immense  mass  of  Elephants' 
bones,  with  those  of  other  animals,  were  found  at  Kostynsk,  near 
Voronej,  on  the  Don,  in  Bussia.  They  were  attributed  by  the  Tzar 
to  the  campaigns  of  Alexander  the  Great  (id.  p.  122). 

fTo  be  continued  in  our  next  Number. J 

V. — On  The  Glaoiation  of  the  Shbtlands.' 
By  David  Milne  Home,  F.R.S.E.,  F.G.S. 

IN  the  February  Number  of  the  Geological  Magazine,  there  is  an 
article  by  Messrs.  B.  N.  Peach  and  J.  Home,  answering  the  doubts 
expressed  by  me  regarding  the  soundness  of  their  views  on  this 
subject. 

These  doubts,  after  a  perusal  of  their  interesting  paper  in  the 
Quarterly  Journal  of  the  London  Geological  Society  for  November, 

*  Being  the  reply  of  Mr.  Milne  Home  to  the  answers  by  Messrs.  B.  N.  Peach  and 
J.  Home,  of  the  Scotch  Geological  Survey,  to  his  criticism  of  their  paper  on  the 
Glaoiation  of  the  Shetlands. 
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1879  (of  which  paper  they  had  ooarteounly  mat  to  me  a  copy),  I 
thought  it  allowable,  in  my  amiaal  Address  as  President  of  liie 
Edinbui^h  Greological  Sode^,  to  express,  as  bearing  on  an  important 
question  of  Sootoh  Geology. 

Messrs.  Peaoh  and  Home,  not  aoquiesoing  in  my  oritioisms,  have, 
in  the  article  to  which  I  refer,  as  they  were  entitled  to  do,  given 
explauations  on  some  of  the  points  noticed  by  me;  and  I  now  desire 
to  say,  how  far  I  am  satisfied,  or  not  satisfied,  with  their  explanations. 

1.  On  one  point  I  am  of  course  satisfied.  I  had  demnrred  to 
the  astounding  declaration  in  their  paper,  ''that  the  land^ioe  which 
glaciated  Scotland  could  only  have  come  from  Scandinavia*'  (page 
809). 

These  gentlemen  explain  that,  ''owing  to  an  nnfortonato  printer's 
error,  the  word  Scotland  in  the  foregoing  sentence  has  been  sub* 
stituted  for  Shetland  *' — ''  an  error  (they  add)  self-evident  to  any 
ordinary  reader  after  a  careful  perusal  of  the  context'* 

I  at  once^  accept  the  explanation ;  but  when  it  is  said  that  to  any 
ordinary  reiEder  the  error  was  self-evident,  I  must  be  allowed  to 
reply  that  the  context  did  not,  and  even  now  does  not,  manifest  the 
mis-print  to  me. 

2.  The  more  important  question  is,  whether  there  be  sufficient 
evidence  iu  the  paper  to  support  the  theory  originally  started  by 
Dr.  CroU,  and  warmly  advocated  by  his  colleagues  in  the  Survey, 
that  the  Shetlands  were  '*  over-ridden "  and  *'  emothered "  by  a 
Seandinavtan  Ice-sheet 

(1).  They  stato  that  the  arrival,  impact,  and  progress  of  this 
loe-sheet  on  the  Islands,  is  indicated  by  numerous  stria  on  the 
rocks.  Along  the  whole  Eastern  Seaboard  of  the  Islands,  the  striae 
show,  it  is  said,  a  movement  of  the  ice  from  N.N.E.  or  N.E. ;  but 
that,  after  ''  impinging  on  the  Islands,"  and  *'  reaching  the  crest  of 
the  Mainland,  it  was  deflected  by  the  opposing  high  ground,"  "  and 
as  it  left  the  Mainland,  it  veered  round  towards  Uie  N.W.  and 
N.N.W."  (page  796).  This  remarkable  .  phenomenon  is  again 
described  thus : — "  The  Ice-sheet  abutted  on  the  Eastern  Seaboard 
of  Shetland  with  a  S.S.W.  and  S.W.  trend ;  and  after  reaching  the 
crest  of  the  Mainland,  it  etoung  round  to  the  N.N.W.  and  h\W.'* 
(page  790),  in  order,  as  is  afterwards  explained,  to  **foUow  the  pa^ 
of  least  resistance**  (page  809). 

Among  the  places  on  the  Eastern  Seaboard,  where  the  direction 
of  the  striaB  is  given,  there  is  the  Island  of  Unsty  at  the  north  end 
of  the  group.  The  exact  direction  of  the  strisa  there  is  thus  stated : — 
"Along  the  Eastern  Seaboard  of  TJnst,  the  direction  of  the  ice- 
markiiigs  varies  from  W.  to  W.  20°  S.  From  Norwick  to  Harolds- 
wick,  numerous  striae  occur  on  the  cliflF-heads,  running  W.  to  W. 
20°  S. ;  some  of  which  were  found  on  the  top  of  a  cliff  500  feet 
high ;  while  in  the  southern  parte  of  the  island  the  average  trend  is 
W.  30°  S." 

I  steted  in  my  Address  that  considerable  doubt  must  be  felt  as  to 
the  correctness  of  these  stetemente,  on  account  of  the  discordant 
testimony  of  Mr.  Peach,  senior,  who,  at  the  special  request  of 
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Sir  Boderiok  Murchison,  examined  the  Shetlaiids  as  regarded  their 
glaciation,  and  had  made  a  special  report  thereon  to  the  British 
Afiaociation  in  1864.  Now,  nothing  can  be  more  distinct  and  decided 
than  Mr.  Peach's  observations  on  the  striations  and  corresponding 
transport  of  drift  in  Unst  As  I  did  not  in  my  Address  deem  it 
necessary  to  quote  all  that  Mr.  Peach  stated,  I  hope  I  may  be 
allowed  to  do  so  now.  He  says  that,  *'  in  Haroldswick  Bay  (on  the 
East  Coast  of  Untt),  he  found  a  thick  deposit  of  clay,  in  which 
polished  and  striated  stones  were  plentiful.  Part  of  the  deposit  had 
recently  slipped  ofif  the  rock,  and  here  the  markvtgs  were  so  splendidly 
Bhown^  as  if  the  grating  masses  had  passed  over  it  only  a  few  days 
before.  The  direction  of  the  stria  was  nearly  W.N,  W.  and  E.S.EJ'* 
Mr.  Peach  then  goes  on  to  say,  that  he  **  ascended  Heog  Hill,  which 
sloped  up  from  the  spot  just  mentioned,  to  the  height  of  500  feet," 
and  there,  as  before,  he  found  **  the  W.N.  W.  end,  vertical  and  polished 
to  the  depth  of  at  least  150  feet.''  ''The  hills  to  the  north  of  Heog 
Hill  slope  down  towards  it;  and  down  these,  no  doubt,  the  crushing 
agents  came.  The  vertical  and  storm  side  of  Heog  Hill  had 
evidently  resisted  a  portion  of  the  destroyer,  and  turned  the  greater 
part  on  its  western  flank,  and  thus  the  main  body  passed  down  the 
valley  towards  Haroldswick,  as  evinced  by  the  greater  destruction 
there  than  on  the  eastern  side.*' 

This  statement  by  Mr.  Peach,  senior,  these  gentlemen  seem  to 
have  felt  to  be  so  serious  a  contradiction  of  their  statements,  that, 
after  seeing  my  reference  to  it,  they  applied  to  Mr.  Peach,  and 
obtained  from  him  a  letter,  dated  November,  1880,  which  they 
embody  in  their  answers,  and  which,  they  say,  "enables  us  to  account 
for  the  discordance  between  the  recorded  observations  of  Mr.  C.  W. 
Peach  and  ourselves.'*  I  confess  I  cannot  see  how  this  letter  accounts 
for  the  discordance.  On  the  contrary,  it  only  proves  the  discordance, 
and  shows  it  to  be  unaccountable.  Mr.  Peach,  in  his  letter,  says, 
**  I  send  you  a  copy  of  ray  paper  on  Shetland,  in  which  I  stated  that 
the  striae  on  the  Heog  Hill,  Unst,  run  nearly  W.N.W.  and  E.S.E. 
In  the  closing  sentence  of  that  paper,  I  also  stated  that  ray  bearings 
are  by  compass,  no  allowance  having  been  made  for  variation.  Since 
I  wrote  that  paper,  having  seen  much  more  of  the  glaciation  of 
Scotland,  and  thought  more  about  it,  I  have  seen  cause  to  alter  my 
opinion  as  to  the  direction  of  the  drift ....  I  now  feel  quite  satisfied 
that,  although  I  noticed  the  bearings  of  the  stria  right,  1  was  wrong 
as  to  the  direction  of  the  drift." 

Messrs.  Peach  and  Home,  commenting  on  this  letter,  observe, 
that  when  allowance  is  made  for  magnetic  variation,  Mr.  Peach's 
bearings  would  be,  not  W.N.W.,  as  stated  by  him,  but  **  nearly  E. 
and  W.,  as  noted  by  us.*'  This  remark  I  don't  understand ;  for,  as 
the  compass  in  Shetland,  in  the  year  1864,  stood  24°  to  the  west  of 
true  north,  Mr.  Peach's  observation,  by  true  bearing,  indicate  N.W., 
and  not  due  E.  and  W. 

But  the  more  material  point  is  this — Messrs.  Home  and  Peach, 
judging  by  the  striae  in  Unst,  stated  that  the  Ice-movement  was 
from  the  eastward.     Mr.  Peach,  senior,  on  the  other  hand,  saw  that 
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it  was  from  the  loesiwardj  as  indicated  not  only  by  what  he  oalls  the 
eplendid  9tria  on  the  rooks  at  Haxoldswiok,  but  by  obeerving  that 
the  "  storm "  ride  of  Hec^  Hill  was  on  ita  W.N. W.  ride,  and  waa 
polished  on  that  side,  for  no  leia  than  150  feet  from  ita  top. 

Tnie,  Mr.  Peach  says  he  haa  now  altered  his  opinion  as  to  the 
direction  of  the  drift  in  Shetland.  Had  this  alteration  of  opinion  arisen 
from  another  and  a  recent  examination  by  Mr.  Peach,  eemor,  of 
the  locality,  it  would  have  been  oondusiye.  But  Mr.  Peach  ezplaina 
that  this  alteration  has  arisen  from  his  having,  rince  making  hia 
Beport  to  Sir  Roderick  Murchison  and  the  British  Association  in 
1864,  **  Been  much  more  of  the  gladation  of  8eotiamdt  and  ikaygJU 
more  about  it"  Now,  his  seeing  and  thinking  more  of  Uie  glaoiation 
of  Scotland  since  he  made  that  report,  cannot  alter  the  faeU  which 
he  allows  he  saw  in  Shetland ;  and  which  incontestably  prove  the 
Ice-movement  there  to  have  been  from  the  north-westward. 

Unet,  however,  is  not  the  only  ialand  where  a  discbrdanoe  exists 
between  Mr.  Peach's  observations  of  the  stria  and  those  of  Messrs. 
Peach  and  Home.  Mr.  Peach,  «aitor,  examined  Whal$ajff  a  small 
island  situated  a  few  miles  to  the  east  of  the  Mainland ;  and  there* 
fore  one  of  the  first  spots  which  would  be  passed  over  by  the  alleged 
Scandinavian  Ice-sheet  Messrs.  Peach  and  Home  say  of  this  island, 
that  on  both  sides  of  it,  there  are  striations  showing  an  average 
movement  towards  S.  28^  W.  On  the  other  hand,  Mr.  Peach,  senior^ 
says  that,  not  satisfied  with  taking  the  direction  of  the  strise  at 
places  where  he  found  the  rocks  exposed,  he  removed  the  drifted 
clay  and  stones,  in  order  to  obtain  a  fresh  surface ;  and  the  scratches 
at  all  the  places  (he  says)  '*run  nearly  east  and  west," — which, 
by  true  bearings,  would  be  E.S.E.  and  W.N.W.  Here,  again,  is 
discordance  between  Mr.  Peach,  senior,  and  the  authors  of  the  paper. 

Going  farther  south,  viz.  to  Lerwick,  Breseay  Island,  and  the  long 
peninsular  tongue  of  low-lying  land,  called  Sandwich  and  Conings* 
hurgh,  we  find  strife  marked  on  the  map  attached  to  the  paper, 
showing  Ice-movements  from  the  N.W.  lliese  discordant  markings 
Messrs.  Peach  and  Home  ascribe  to  local  glaciers ;  of  which  glaciers, 
however,  as  it  seems  to  me,  there  is  not  the  slightest  evidence,  or 
even  possibility,  considering  the  want  of  high  hills  or  valleys  to  have 
formed  them. 

Therefore,  as  regards  the  strisB  on  the  Eastern  Seaboard  of  the 
Shetlands,  it  distinctly  appears  that,  so  far  from  confirming  the 
theory  of  an  invasion  of  an  Ice-sheet  from  the  N.E.,  most  of  these 
strisB  are  at  right  angles  to  that  direction. 

If  next  we  turn  to  the  Western  Seaboard  of  the  Islands,  do  we 
find  any  proof  of  the  extraordinary  statement  that  the  Ice-sheet, 
when  it  impinged  on  the  Islands,  **  veered  *'  or  "  swung  round  "  to  a 
N.W.  direction  ?  Messrs.  Peach  and  Home  suggest  a  presumption  in 
favour  of  this  evolution,  by  saying,  that  thereby  the  Ice-sheet  wotdd 
**  follow  the  path  of  least  resistance,**  But  how  can  this  be  ?  If  the 
Ice-sheet  came  from  Scandinavia,  it  would  be  about  400  miles  long. 
If  it  enveloped  and  overtopped  **  both  the  Orkneys  and  the  Shetlands  " 
(as  Dr.  Croll  supposed.,  p.  779),  it  must  have  had  a  breadth  of  at  least 
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200  miles ;  and  its  "  minimum  thickness  "  is  alleged  (p.  809)  to  have 
been  6000  feet  Now  this  huge  mass,  it  is  said,  when  it  impinged  on 
the  Shetlands,  and  reached  the  crest  of  the  Mainland,  **  was  deflected 
by  the  opposing  high  ground,"  and  in  order  to  "  follow  the  path  of 
least  resistance,"  swung  round  to  the  N.W.  The  Shetlands  form  a 
group  whose  axis  is  N.  by  E.  and  S.  by  W.  If  it  be  possible  to 
imagine,  that  a  body  of  ice  of  the  above  gigantic  dimensions,  bearing 
down  on  these  Islands  from  the  N.E.,  could  have  its  course  changed 
by  impinging  on  them,  so  as  to  seek  the  path  of  least  resistance,  its 
progress  would  have  been  along  the  Eastern  Seaboard  of  the  Islands 
in  a  direction  S.  by  W.,  and  not  across  the  backbone  of  the  Islands 
in  a  N.W.  direction. 

No  presumption  therefore  arises  in  favour  of  a  N.W.  movement 
of  the  Ice-sheet  in  respect  of  the  mathematical  reason  assigned. 
But  perhaps  the  observed  facts  support  this  N.W.  theory  ?  The  very 
reverse.  In  the  majority  of  cases  where  striae  were  observed  and 
recorded,  Messrs.  Peach  and  Home  have  honestly  confessed  in  their 
text  and  their  map  that  the  strisB  do  not  show  a  N.W.  direction, 
and  they  have  taxed  their  ingenuity  to  explain  the  discordance, 
without  having  to  give  up  Dr.  Croll's  Ice-sheet. 

For  example,  in  North  Mavine,  one  of  the  Westerly  Islands,  they 
allow,  that  there  are  two  sets  of  striae,  "one  pointing  S.  40°  W., 
belonging  to  the  primary  glaciation,  the  other  S.  30°  E.,  produced 
by  later  glaciers  moving  down  the  Bay."  But  for  this  supposed 
primary  glaciation — i.e.  by  Dr.  CrolFs  Ice-sheet — the  strias  should 
be  W.N.W. ;  and  if  a  local  glacier  is  required  for  the  other  set  of 
striae,  there  is  no  hill  or  valley  pointed  out,  where  one  could  have 
been  formed. 

On  another  part  of  the  same  island,  striae  still  more  discordant 
occur,  and  of  which  the  following  curious  explanation  is  offered  (p. 
792)  : — "Near  Fethaland  Point  two  sets  of  striae  were  observed,  which 
clearly  prove  the  general  movement  of  the  ice  during  the  primary 
glaciation,  and  at  the  same  time  a  separate  movement  of  the  lower 
portions  of  the  mass,  caused  by  an  undertow.  On  the  headland  north 
of  the  fishing  village,  the  striae  run  N.W.  and  N.  20^  W. ;  while  on 
the  south  of  the  bay,  about  a  mile  from  the  fishing  station,  the 
markings  on  the  cliff-heads  point  N.  6°  W.— N.  10°  E.,  N.  20°  W.  ;— 
indicating  a  varying  movement  in  a  northerly  direction.  On  ascend- 
ing the  polished  slope  which  overlooks  the  foregoing  examples,  the 
direction  is  S.  10° — 35°  W.  This  divergence  is  readily  (sic)  accounted 
for,  by  supposing  that  the  lower  current  moved  in  a  north  and  N.W. 
direction ;  while  on  the  slopes  of  the  ridge,  the  upper  current  moved 
towards  the  S.W.,  in  harmony  with  the  general  movement  along  the 
Eastern  Seaboard  of  the  Mainland." 

A  more  extraordinary  physical  phenomenon  it  is  hardly  possible 
to  conceive  than  what  is  here  described,  viz.  that  at  the  place  men- 
tioned, this  great  mer  de  glace  split  and  separated  into  two  currents — 
one  on  the  top  of  the  other,  and  then  flowed  at  right  angles  to  one 
another.  No  suggestion  is  made  as  to  the  cause  which  could  lead  to 
such  a  phenomenon. 
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(2).  Having  thus  shown  that  the  direction  of  the  etria  does  not 
favour  the  advent  of  this  great  iii«r  de  glace  from  the  N.E.,  nor  its 
course  across  the  islands  to  the  N.W.,  let  me  notice  shortly  the 
statements  in  the  paper,  that  the  Erratics  and  Drift  in  the  Islands 
confirm  that  theoi*y. 

As  regards  Unst, — where  Messrs.  Peach  and  Home  say  the  cany 
of  the  Boalders  was  across  the  island  from  the  East  to  the  West 
Coast, — the  facts  stated  hy  Mr.  Peach,  senior,  and  not  affirmed  to  be 
incorrect,  are  distinctly  against  that  view. 

A  similar  discordance  exists  in  the  Island  of  Bressay,  which  is 
also  on  the  Eastern  Seaboard.  On  it  Messrs.  Peach  and  Home 
allow  they  found  erratics  which  had  oome  from  the  N.W. — brought, 
as  they  suggest,  by  the  local  glaciers  of  the  Mainland ; — of  which 
glaciers,  however,  I  respectfully  repeat  that  I  see  no  evidence  given 
in  the  paper. 

Therefore,  neither  at  Unst  nor  at  Bressay  is  the  direction  of  the 
drift  in  accordance  with  Messrs.  Peach  and  Home's  theory,  which 
requires  a  movement  from  the  eastwards, 

'  Then,  when  the  position  of  the  Boulders  found  on  the  Western 
Seaboards  is  examined,  they  certainly  do  not  show  transport  from 
the  S.E. — which  is  stated  to  have  been  there  the  movement  of 
the  mer  de  glace  across  the  islands.  Messrs.  Peach  and  Home  say 
that  the  "  occurrence  of  these  Boulders  in  the  drifts  on  the  West 
Coast,  and  as  erratics  on  the  hill  tops,  is  due  to  |he  same  cause,  viz. 
to  the  westerly  movement  of  the  great  mer  de  glace,  which  was 
powerful  enough  to  over-ride  the  watershed  "  (p.  804). 

The  autbors  of  the  paper,  though  they  refer  in  a  footnote  to 
"  Hibbert*s  admirable  volume  on  the  Shetland  Islands,"  curiously 
enough,  omit  notice  of  the  Boulders  which  he  observed  on  the 
Western  Seaboards,  and  of  the  opinion  he  expressed  as  to  the 
quarter  from  which  they  came.  Thus,  he  says  (Edin.  Joum.  of 
Science  for  1831,  vol.  iv.  p.  86),  that  in  the  "small  Island  of  Papa 
Stour,"  composed  of  sandstone  and  secondary  porphyry,  "  numerous 
fragments  are  found,  even  in  the  interior  of  the  island,  of  a  peculiar 
and  very  beautiful  hornblende  schist  and  actinolite  schist,  which  is 
nowhere  to  be  met  with  in  this  Archipelago,  except  at  Hilswick 
Ness — a  distance,  when  measured  across  the  Bay  of  St.  Magnus,  of 
at  least  12  miles.  I  also  found  that,  besides  these  fragments,  relics 
of  other  distant  primary  rocks  were  strewed  about,  less  easily, 
however,  to  be  identified  than  those  which  I  have  described." 
Dr.  Hibbert  adds,  that  if  he  is  correct  in  believing  that  these 
schist  blocks  came  across  St,  Magnus  Bay  from  Hilswick,  the  agent 
which  transported  them  mov^d  from  N.  47°  E.,  a  direction  at  right 
angles  to  the  direction  of  the  alleged  Scandinavian  Ice-sheet 

It  appears  that  this  same  Island  of  Papa  Slour  was  visited  by 
Professor  Geikie ;  and  he  too  was  struck  with  the  number  on  it  of 
"transported  blocks  of  gneiss,  schist,  and  other  rocks  foreign  to 
the  locality,"  thus  confirming  Dr.  Hibbert*s  testimony  as  to  the 
occurrence  of  Boulders  there,  transported  from  some  distant  point ; 
— though  he  does  not  indicate  the  quarter  from  which  they  had 
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probably  oome,  beyond  mentioning  that  the  Btriao  on  the  rocks 
pointed  N.  6**  W.^  (Nature,  voL  xvi.  p.  414). 

Dr.  Hibbert  refers  also  to  a  transported  Boulder  on  the  summit  of 
HiUvDtck  Ne98 ; — "  a  surprising  block  of  granite  removed  from  a 
rock,  the  nearest  site  of  which  is  about  2  mUes  north  "  (Edin.  Joum. 
of  Science,  vol.  iv.  p.  89). 

"  Again,  in  ascending  BoenesM  Mill,  composed  of  red  granite, 
I  was  struck  with  the  immense  quantity  of  Boulders  of  a  primary 
greenstone,  which  appear  to  have  been  removed  from  a  site  two 
or  three  miles  oS,  and  to  have  been  rolled  in  a  southerly  or  south' 
westerly  direction  up  a  gradual  ascent  of  three  or  four  miles  "  (Edin. 
Joum.  of  Science,  vol.  iv.  p.  89). 

If  Messrs.  Peach  and  Home  knew  of  these  cases  recorded  by 
Hibbert,  which  are  so  discordant  to  their  theory,  why  have  they 
omitted  to  take  special  notice  of  them  ? 

I  may  mention  one  other  example,  given  in  the  Second  Beport 
of  the  Edinburgh  Royal  Society  Boulder  Committee.  The  Island 
of  Foula  is  the  most  westerly  of  all  the  Shetlands,  being  about 
20  miles  from  the  nearest  coast.  It  is  said  to  be  composed  of  Old 
Red  Sandstone  (Statistical  Account  of  Scotland,  vol.  xv.  p.  20). 
Mr.  Russell,  Schoolmaster,  sent  to  the  Committee  a  *'  Return  "  stating 
that  there  were  on  the  island  seven  Boulders,  some  of  granite,  others 
of  gneiss — two  of  2  tons  weight  each — the  others  from  8  to  5  cwt. 
He  RUj^ested  that  the  granite  blocks  came  across  the  sea  from 
Culswick,  and  the  gneiss  blocks  from  Delting,  places  bearing  from 
Foula  N.E.  It  is  added  that  from  the  middle  of  the  island,  at 
a  height  of  700  feet,  granite  and  gneiss  drift  occurs  as  far  as  the 
south  end  of  the  island. 

The^e  statements  by  Mr.  Russell  are  quite  at  variance  with  the 
alleged  movement  of  the  Scandinavian  Ice-sheet  in  the  Western  Sea- 
board ;  and,  moreover,  at  variance  with  the  striations  given  by  the 
authors  of  the  paper,  which  they  represent  as  being  **  in  Foula  N.W. 
and  W.  30°  N."  (p.  794). 

Before  leaving  the  subject  of  erratics,  I  must  be  excused  for 
reminding  Messrs.  Peach  and  Home  that  they  have  not  answered  or 
taken  notice  of  the  remark  made  in  my  Address,  in  reference  to 
their  repeated  notices  of  Boulders,  '* perched  on  the  ridges  and  even  on 
the  tops  of  the  highest  hills  "  (pp.  804-7).  How  is  it  possible  to 
explain  this  fact  on  the  suppoHition  of  a  great  mer  de  glace,  which 
overrode  the  whole  islands  and  **  smothered  them  in  ice  "  ?  Surely 
the  eflfect  of  such  an  agency  would  be  to  sweep  oflf  from  ridge  and 
hill-top  every  particle  of  rubbish, — smooth  the  rocks,  and  leave  no 
Boulders  on  them. 

(3).  The  result  of  this  examination  of  the  strias  and  transported 
Boulders  in  Shetland,  seems  to  me  to  show,  that  the  agency  to  which 

*  This  direction  differs  from  that  given  by  Messrs.  Peach  and  Home,  who  state 
that  **in  Papa  Stour,  the  trend  is  N.  or  N.  28**  W.'*  Messrs.  Peach  and  Home 
could  not  have  been  aware  of,  or  must  have  forgotten  these  remarks  by  Professor 
Geikie,  when  they  state  that  ' '  he  carefully  avoids  expressing  any  opinion  regarding 
ihe  direction  of  the  glaciation  of  these  islands  "  (Geol.  Mao.  ioT  Feb.,  i^.  ^f^. 
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they  are  to  be  attribated  oair  be  neither  a  great  Scandinavian  loe- 
sheet,  nor  looal  glaciers.  As  Dr.  Groll  obserres  ("  Climate  and  Time," 
p.  451),  wheD  referring  to  Shetland  glaoiation,  the  islands  have  no 
hills  or  valleys  to  form  a  gathering  ground  for  glaciers ;  and  even  if 
in  these  islands  glaciers  conld  have  been  formed,  they  never  could 
have  crossed  seas,  with  a  depth  of  50  or  60  iiBtthoms,  and  for  distances 
of  from  12  to  20  miles,  carrying  Boulders  and  drift.  The  circum- 
stances of  the  case  seem  rather  to  point  to  a  time,  when  the  islands 
were  submerged  in  a  sea  with  floating-ice,  which,  by  the  action  of 
tides  and  currents,  rafted  fragments  of  rocks  and  rubbish  from 
one  island  to  another. 

I  very  much  regret  if,  in  this  my  reply,  I  have  said  things  which 
are  disagreeable  to  the  authors  of  this  paper,  especiaUy  considering 
the  praiseworthy  labour  they  bestowed,  during  four  successive  years, 
in  examining  the  geology  of  these  islands.  Had  the  questions  raised 
been  merely  as  to  the  proper  nomenclature  of  certain  rocks,  or  of  the 
fossils  in  tibem,  there  would  not  have  been  the  same  necessity  for 
criticism.  But  the  theory  they  have  advocated  regarding  glaciation 
by  this  Scandinavian  Ice-sheet,  must,  if  true,  entail  important 
geolop^ical  conclusions.  The  authors  of  the  paper  speak  of  the 
"  merit "  of  Dr.  Croll  in  having  suggested  this  theory ;  and  they 
probably  went  to  the  Shetlands  so  strongly  prepossessed  in  favour 
of  it,  as  to  feel  it  to  be  alike  a  duty  and  a  pleasure  to  gather  facts 
tending  to  support  the  theory,  and  to  supply  arguments,  and 
suggest  ingenious  hypotheses,  with  the  view  of  obviating  objections. 
They  merely  adopted  Dr.  CroU's  theory,  and  he  is  more  responsible 
for  it  than  Uiey  are. 

VL — Volcanic  History  of  Iceland. 
By  Wii.  Gbo&ob  Lock. 

LOOKING  carefully  through  Herra  Thoroddsen's  researchful  and 
excellent  paper,  with  the  above  heading,  published  in  the 
October  (1880)  Number  of  the  Gkologioal  Magazine,  I  notice 
that  two  or  three  errors  have  crept  in. 

The  most  important  oversight  is  Danish  measure  being  given  as 

Englishjthus  the  area  of  the  large  central  lava-desert,  the  Odd^ahraun, 
is  given  at ''  sixty  geographical  square  miles,"  whereas  its  real  area 
is  at  least  1400  English  square  miles ;  while  the  area  of  Askja,  the 
crater  of  a  large  volcano  in  the  centre  of  the  lava-desert,  is  given 
at  *•  one  square  geographical  mile,"  whereas  it  is  at  least  twenty- 
three  English  square  miles. 

Having  visited  Askja  twice,  the  first  time  in  1878,  and  again  last 
summer,  I  should  like  to  say  a  word  or  two  about  it,  as  nothing 
like  an  intelligible  description  of  the  volcano  has,  as  yet,  been 
published  in  English ;  and  scientific  men,  therefore,  have  no  idea  of 
the  magnitude  and  exact  position  of  one  which,  as  recently  as  1875, 
erupted  such  a  vast  quantity  of  pumice  and  ash,  that  over  2000 
square  miles  of  country  were  covered  to  a  depth  varying  from 
several  feet  to  two  inches ;   a  lava-flood  bursting  forth,  presumably 
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from  a  rift  in  a  subterranean  channel  connected  with  the  volcano, 
at  a  spot  distant  therefrom  twenty-five  miles.  I  compute  the  bulk 
of  the  lava-fiood  that  then  issued  at  36,000  of  millions  of  cubic  feet, 
the  bed  being  between  twelve  and  thirteen  miles  in  length,  from  one 
to  three  in  breadth,  and  varying  in  thickness  from  300  to  37  feet 

It  may  be  remembered  that  Mr.  Wm.  Lord  Watts  was  the  first 
Englishman,  and  indeed  the  first  stranger,  to  visit  Askja,  and  that  he 
was  so  fortunate  as  to  do  so  during  the  1875  eruption.  Upon  his 
retnm  he  gave  a  short,  but  very  imperfect,  description  of  the 
volcano  in  a  paper  read  before  the  Boyal  Geographical  Society, 
likewise  in  a  little  work  entitled  **  Across  the  Vatna  Jdkull."  Mr. 
TVatts's  imperfect  description  is  not  to  be  wondered  at,  exploration 
being  next  to  impossible  at  the  time  of  his  visit,  immense  masses 
of  the  mountain  breaking  away  beneath  his  very  feet.  However, 
notwithstanding  that  five  years  have  elapsed,  it  is  the  only  account 
of  the  volcano  that  has  been  published  in  this  country. 

Mr.  Watts  speaks  of  Askja  being  inclosed  with  '' sections  of 
mountains,"  and  Herra  Thoroddsen  writes  that  the  Byngjufjdll  are 
<*a  complex  of  mountain-peaks  rising  up  to  4500  feet  high,  inclosing 
the  circularly  formed  valley  called  Askja.^* 

This  description  does  not  convey  a  correct  idea  of  these  mountains, 
and  As^a.  The  Dyngjufjdl  {fjbll  plural  oifjall  =  to  the  Norsk /;eW) 
is  the  name  given  to  a  large  mountain,  whose  outer  circumference,  at 
an  altitude  of  3500  feet  (where  it  rises  somewhat  abruptly  from  a 
gentle  slope  formed  of  a  succession  of  lava-flows  which  welled  forth, 
in  all  probability,  from  Askja  before  the  higher  part  of  the  moun- 
tain, which  now  incloses  that  crater,  was  built  up  by  the  upheaval  of 
the  masses  of  tuff  and  basaltic-lavas  of  which  it  is  composed),  exceeds 
twenty-four  English  miles,  and  a  number  of  comparatively  small 
semi-detached  peaks  stretching  northward  for  several  miles  from 
the  chief  of  the  group.  Within  this  large  mountain  lies  Askja, 
which  is  unmistakably  a  crater ;  if  being  the  outlet  of  a  volcanic 
vent  whence  lava-flood  after  lava-flood  has  issued,  both  before  and 
since  the  higher  parts  of  the  mountain  were  built  up  around  the 
outlet,  entitles  such  a  place  to  that  name. 

The  present  floor  of  the  crater  consists  of  rugged  beds  of  lava 
that  have  forced  their  way  through  earlier  and  more  evenly  deposited 
ones,  and  lies  somewhat  over  2200  feet  above  the  level  of  the  plain, 
1500  feet,  in  which  the  mountain  stands =3700  feet  above  sea-level ; 
and  the  crater*s  encircling  mountain- wall  is  broken  by  gaps  to  the 
level  of  the  surface  lava  in  Askj'a  in  two  places  only;  there  is 
nowhere  a  gap  or  break  in  the  mountain  from  the  floor  of  Askj'a  to 
the  level  of  the  plain  of  the  Cydd^ahraun  to  divide  it  into  sections, 
therefore  it  is  really  a  mountain,  not  a  compound  of  mountains,  and 
is  indeed  so  shown  upon  the  Danish  map  of  Iceland  published 
last  year.  The  crater's  encircling  mountain-wall  rises  abruptly 
from  the  surfeuse  lava  to  heights  varying  from  800  to  1500  feet,=: 
4500  to  5200  feet  above  sea-level. 

The  "  *  dip '  in  the  earth  760  feet  *  down '  "  in  the  south-eastern 
part  of  Askja  is  an  oval  basin-like  hollow  formed  by  the  &\ib%vd!^\i!(:.v5 
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of  an  immense  mass  of  the  lava  deposits  in  the  crater,  five  miles  in 
oircumferenoe  and  of  unknown  thickness,  which  it  is  believed  was 
torn  from  its  bed  by  an  explosion  which  took  place — presumably  in 
the  Yoloanic  vent  beneath  Aikja — on  the  4th  January,  1875.  iTiis 
explosion  caused  an  earthquake  which  opened  rifts  forty  miles  in 
length  in  the  plains  north  of  the  DynQfufJisU,  and  it  was  from  fissures 
in  a  tract  twenty  miles  in  length  and  about  three  in  breadth  which 
sank  to  some  depth  between  two  of  these  rifts  that  the  lava  welled 
forth  ;  pumice  and  ashes  being  alone  ejected  from  Askja. 

The  site  of  the  subsidence  in  Ask/a  is  now  the  bed  of  a  tepid  lake 
of  considerable  depth;  the  temperature  of  its  water  in  1878  was 
97^  Fahr. 

The  presence  of  this  immense  body  of  water  within  the  crater  of 
an  active  volcano  is  a  most  alarming  feature ;  a  comparatively  slight 
eruption  might  be  accompanied  by  an  explosion  that  would  further 
disturb  the  lava  floor  of  A»kja,  which  appears  to  be  but  a  roof  to  an 
abyss  in  which  molten  matter,  it  is  reasonable  to  believe,  lies  at  no 
great  depth,  the  contents  of  the  lake  would  find  its  way  below  when 
a  terribly  violent  eruption  must  inevitably  ensue,  one  that  will  be 
likely  to  cause  an  earthquake  to  which  that  in  1875  will  be  com- 
paratively insignificant,  and  likewise  to  afiect  the  volcanic  repose  of 
Europe,  by  forcing  back,  by  the  violence  of  the  concussion,  the 
molten  tide  lying  in  the  channel  or  channels,  connected  with  the 
Earth's  interior,  underlying  Europe ;  there  being  reason  to  believe 
that  such  do  exist  connected  with  the  Icelandic  volcanic  vents, 
the  great  European  earthquakes  and  volcanic  disturbances  having 
been  either  followed  or  preceded  by  terrific  eruptions  in  Iceland, 
e,g.  the  earthquakes  that  destroyed  Lisbon  in  1755  were  preceded 
by  the  commencement  of  a  series  of  terrible  eruptions  from  the 
Koilugjd,  which  lasted  a  year ;  while  thirty-two  years  later  the  Upper 
Calabrian  earthquakes  were  followed  by  the  outburst  of  prodigious 
lava-floods  in  the  vicinity  of  the  SkaptdrjdkulL 

There  are  two  strangely  contradictory  statements  in  Herra 
Thoroddsen's  paper,  with  reference  to  the  Skaptdrjdkull,  "where," 
he  says,  page  465,  "  an  eruption  has  never  yet  occurred,"  but  on 
page  463  he  credits  the  jdkuU  under  its  other  name  of  St^upknll 
with  an  eruption  in  the  year  1389-90,  and  also  >vitli  an  eruption 
in  its  vicinity  in  1753.  Upon  all  the  maps  of  Iceland  that  I  have 
seen  the  jokull  is  named  **  Skaptdr  e^a  (or)  SP6uJdkulV 
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VIL — Sketch  op  the  Geology  of  British  Columbia. 

By  Geohoe  M.  Dawson,  D.S.,  A.ll.S.M.,  F.G.S. 

(Concluded  from  page  162.) 

Cretaceous, — Lying  everywhere  quite  unconformably  below  the 
Tertiary  beds  are  the  Cretaceous  rooks,  which  constitute  on  the 
coast  the  true  Coal-bearing  horizon  of  British  Columbia,  lliese 
rocks  probably  at  one  time  spread  much  more  widely  along  the 
coast  than  they  now  do,  but  have  since  been  folded  and  disturbed 
during  the  continuation  of  the  process  of  mountain  elevation,  and 
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ha^B  been  rnuoh  ledooed  by  denudation.    Their  most  important 

area,  inclading  the  coal-mining  regions  of  Nanaimo  and  Gomox, 

may  be  deaoribed  as  forming  a  narrow  trough  along  the  north-east 

border  of  Vancouver  Island,  130  miles  in  length.     The  rocks  are 

sandstones,  conglomerates,  and  shales.    They  hold  abundance  of 

fossil  plants  and  marine  shells  in  some  places,  and  in  appearance 

and  degree  of  induration   much  resemble  the  true  Carboniferous 

rocks  of  some  parts  of  ESastem  America.     In  the  Nanaimo  area  the 

formation  has  been  divided  by  Mr.  J.  Richardson  as  follows,  in 

descending  order : — 

SftiidrtoneB,  oongloiiierstes,  and  ahales    8290  feet. 

Shales     660    „ 

PlrodnctiTe  Coal-measures    1316   „ 

6266 
The  last  named  consists  of   sandstones   and   shales,  and  holds 
valuable  coal-seams  near  its  base.     In  the  Comox  area  seven  well- 
marked  subdivisions  occur,  constituting  a  total  thickness  of  4911  feet 

Upper  ooDf lomerate • .  320  feet. 

tmper  shatos 776  „ 

Middle  conglomerate    ll'<0  „ 

Kiddle  sliales    76  „ 

Lower  conglomerate 900  „ 

Lower  shake •  1000  „ 

Prodoctiye  Coal-measures  739  „ 

4911 

The  fuel  obtained  from  these  measures  is  a  true  bituminous  coal, 
with — according  to  the  analysis  of  Dr.  Harrington — an  average  of 
6*29  per  cent,  of  ash,  and  1-47  per  cent,  of  water.  It  is  admirably 
suited  for  most  ordinary  purposes,  and  is  largely  exported,  chiefly 
to  San  Francisco,  where,  notwithstanding  a  heavy  duty,  it  competes 
successfully  with  coals  from  the  west  coast  of  the  United  States, 
owing  to  its  superior  quality.  The  output  of  1879  amounted  to 
241,000  tons,  and  is  yearly  increasing. 

In  addition  to  the  main  area  of  Cretaceous  rocks  above  described, 
there  are  numerous  smaller  patches,  holding  more  or  less  coal,  in 
different  parts  of  Vancouver  Island,  several  of  which  may  yet  prove 
important. 

In  the  Queen  Charlotte  Islands,  Cretaceous  rocks  cover  a  consider- 
able area  on  the  east  coast,  near  Cumshewa  and  Skidegate  Inlets. 
At  Skidegate  they  hold  true  anthracite  coal,  which,  besides  being  a 
circumstance  of  considerable  geological  interest,  would  become,  if 
a  really  workable  bed  could  be  proved,  a  matter  of  great  economic 
importance  to  the  Pacific  coast. 

At  Skidegate,  where  these  rocks  are  most  typically  developed,  they 
admit  of  subdivision  as  follows,  the  order  being,  as  before,  descending : 

A.  Upper  shales  and  sandstones 1500  feet. 

B.  Coarse  conglomerates 2000 

C.  Lower  shales  with  coal  and  clay  ironstone  6000 

D.  Agglomerates 3500 


£.  Lower  sandstones    1000    „ 


216  G.  M.  Dawmm—Oiolofiif  ^Briikk  GiOumhia. 

The  total  thiokness  ia  thus  eBiimated  at  aboat  13,000  feet  With 
the  exception  of  the  agglomerates,  the  rooks  in  their  general 
appearance  and  degree  of  indaration  oompare  closely  with  those  of 
Yancouver  Island.  The  agglomerates  represent  an  important 
intercalation  of  volcanic  materia^  which  varies  in  texture,  from  beds 
holding  angalar  masses  a  ynrd  in  diameter,  to  fine  ash  rooks,  and 
appears  at  the  junction  to  blend  oompletely  with  the  next  overlying 
subdivision.  These  beds  are  generally  felspathio,  and  often  more 
or  less  distinctly  porphyritia 

At  the  eastern  margin  of  the  formation  the  rooks  lie  at  low  angles, 
but  become  more  disturbed  as  they  approach  the  mountainous  axis 
of  the  Islands,  showing  eventually  in  some  cases  overturned  dips. 
It  is  in  this  disturbed  region  that  the  anthracite  coal  has  been  found, 
and  from  the  condition  of  included  woody  fragments  in  the  eastern 
portion  of  the  area,  it  is  probable  that  any  coal  seams  discovered 
there  would  be  bituminous,  like  those  of  Vanoouver  Island. 

Though  it  was  originally  supposed  that  the  anthracite  occurred  in 
several  beds,  it  has,  I  believe,  now  been  shown  ^  that  this  appearance 
is  due  to  the  folding  of  a  single  seam  which  immediately  overlies 
the  agglomerate  beds  of  subdivision  D.  The  coal  is  associated  with 
carbonaceous  shales  holding  a  species  of  Unto,  but  is  succeeded,  in 
ascending  order,  by  beds  charged  with  marine  fossils,  and  fresh- water 
conditions  are  not  known  to  have  recurred  at  other  horizons.  It 
was  where  opened  nearly  vertical,  and  about  six  feet  in  thickness, 
but  became  thinner,  and  after  about  800  tons  of  anthracite  had  been 
obtained,  the  mine  was  abandoned ;  the  locality,  however,  still  appears 
worthy  of  further  and  closer  examination.' 

In  regard  to  the  geological  horizon  of  the  different  Cretaceous  areas 
above  described,  the  most  complete  information  has  been  obtained  for 
the  Nanaimo  and  Comox  basins.  Large  collections  made  by  Mr. 
Biohardson,  in  connexion  with  the  work  of  the  Geological  Survey, 
have  now  been  described  by  Mr.  J.  F.  Whiteaves.' 

These  fossils  are  all  from  the  lower  portion  of  the  formation, 
which  is  conclusively  shown  to  represent  the  Chioo  group  of  the 
Califomian  geologists,  which,  with  the  locally  developed  Martinez 
group,  is  considered  to  be  equivalent  to  the  Lower  and  Upper  Chalk 
of  Europe.  The  highest  subdivision  of  the  Califomian  Cretaceous, 
the  Tejon  group,  is  supposed  to  represent  the  Maestricht,  and  in  the 
absence  of  fossils  from  the  upper  portion  of  the  Vancouver  Island 
formation,  it  is  possible  that  it  may  be  equally  young.  The  flora  of 
the  Vanoouver  Cretaceous  consists  largely  of  modern  angiospermous 
and  gymuospermous  genera,  such  as  Quercm,  Platanus,  Popnlus,  and 
Sequoia  ;  several  of  the  genera  and  a  few  of  the  species  being  com- 

*  Report  of  Progress, Geol.  Survey  of  Canada,  1878-79,  p.  72  B. 

^  For  further  information  on  the  Cretaceous  rocks  of  the  coast,  see  Dr.  Hector*8 

report  in  Palliser*8  Exploration  in  North  America,  and  Quart.  Joum.  Geol.  Soc. 

vol.  xvii.  p.  428.     Reports  of  Progress,  Geol.  Survey  of  Canada,  1871-2,  p.  75; 

1872-3,  p.  32  ;  1873-4.  p.  94;  1874-6,  p.  82;  1876-7,  p.  160 ;  the  last  reference 

.         being  Mr.  J.  Richardson's  complete  report  on  the  Nanaimo  and  Comox  Basins,  also 

V       pp.  119  and  144,  1878-9,  p.  63b,  a  detailed  report  on  Queen  Charlotte  Islands  by  t^e 

w       writer.  *  Mesozoic  Forails,  vol.  i.  part  iL 
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mon  to  it  and  to  the  Dakota  group  of  the  Middle  Cretaceous  of  the 
interior  r^on  of  the  continent  The  botanical  evidence,  while  yet 
imperfect,  is  therefore  by  no  means  in  contradiction  to  that  afforded 
by  the  animals  and  the  stratigraphy. 

A  number  of  fossils  from  the  Queen  Charlotte  Islands  have  also 
been  described  and  figured  *  from  Mr.  Richardson's  collections  made 
during  a  visit  to  the  islands  in  1872.  Additional  collections  made  by 
the  writer  in  1878,  while  considerably  increasing  the  fauna,  will 
enable  more  exact  conclusions  as  to  the  horizon  of  the  beds  to  be 
arrived  at  There  are  few  cases  of  specific  identity'  between  the 
forms  in  the  Yancouver  Cretaceous,  previously  described,  and  those 
of  the  Queen  Charlotte  Islands,  the  latter  representing  a  lower  stage 
in  the  Cretaceous  formation.  The  plants  found  in  these  rocks,  em- 
bracing numerous  coniferous  trees  and  a  species  of  Cycad,  also 
indicate  a  greater  age  than  those  of  Yancouver. 

The  coal-bearing  beds  at  Quatsino  Sound  on  the  west  coast  of 
Yancouver  Island,  have  also  yielded  a  few  fossils.  These  consist 
dbieflj  of  well-characterized  specimens  of  Aucella  Piochii,  which 
occurs  but  sparingly  in  the  Queen  Charlotte  Islands,  and  brings  the 
rocks  into  dose  relations  with  the  Aucella  beds  of  the  mainland  of 
British  Columbia,  and  in  Mr.  Whiteaves*  opinion  probably  indicate 
an  "Upper  Neooomian"  age.  The  rocks  of  the  Queen  Charlotte 
Islands  and  Quatsino  may  therefore  be  taken  together  as  represent- 
ing upper  and  lower  portions  of  the  so-called  Shasta  group  of 
California,  which  in  British  Columbia  can  now  be  readily  distin- 
guished by  their  fossils. 

On  the  mainland,  developed  most  characteristically  along  the 
north-eastern  border  of  the  Coast  Range,  is  a  massive  series  of 
rocks  first  referred  to  by  Mr.  Selwyn,  in  the  provisional  classification 
adopted  by  him  in  1871,  as  the  Jackass  Mountain  group,  from  the 
name  of  the  locality  in  which  they  are  best  displayed  on  the  main 
waggon-road.  The  age  of  these  rocks  was  not  known  at  this  time, 
but  fossils  have  since  been  discovered  in  the  locality  above  mentioned 
and  in  several  others,  the  most  characteristic  forms  being  Aucella 
Piochii  and  Belemnttes  impresaus,  Tlie  rocks  are  generally  hard 
sandstones  or  quartzites,  with  occasional  argillites,  and  very  thick 
beds  of  coarse  conglomerate.  A  measured  section  on  the  Skagit 
includes  over  4400  feet,  without  comprising  the  entire  thickness  of 
the  formation.  Behind  Boston  Bar,  on  the  Fraser  River,  the 
formation  is  represented  by  nearly  5000  feet  of  rocks,  while  on 
Tatlayoco  Lake  it  probably  does  not  fall  short  of  7000  feet  At  the 
last-named  place  these  beds  are  found  to  rest  on  a  series  of  felspathic 
rocks,  evidently  volcanic  in  origin,  and  often  more  or  less  distinctly 
porphyritic.  On  the  Iltasyouco  River,  near  the  61st  parallel,  and 
in  similar  relation  to  the  Coast  Range,  an  extensive  formation 
characterized  by  rocks  of  volcanic  origin,  and  often  porphyritic,  has 
also  been  found.  Its  thickness  must  be  very  great,  and  has  been 
roughly  estimated  at  one  locality  as  10,000  feet  It  has  been 
supposed,   on   lithological   grounds,   to  represent    the    porphyritic 

I  Mesozoic  Fossils,  vol.  i.  part  i. 


% 


318  O.  M.  Itamai^Oeolon  qf  Briiitk  Ootumbm. 

formaiioii  of  the  Tioinity  of  IWlsyooo  Lake,  and  fomh  found  in 
it  have  been  described  as  JuraMta^  Item  uuJogy  now  developed 
with  the  Queen  Charlotte  laland  fattna»  however,  Mr.  Whiteavea 
believes  that  these  beds  aie  also  Oretaoeons. 

Still  further  north  the  Oretaoeous  formation  is  not  confined  to  the 
vicinity  of  the  Coast  Bange,  but  spreads  more  widely  eastward^ 
being  in  all  probability  represented  by  the  argillites  and  felspathio 
"and  calcareous  sandstones  of  the  Lower  Nechaooo;  and,  as  the 
explorations  of  1879  have  shown,  occupying  a  great  extent  of 
country  on  the  55th  parallel  about  the  upper  part  of  the  Bkeena 
and  Babine  Lake.  They  here  include  felspathio  rooks  of  voloanio 
origin  similar  to  those  of  the  Iltasyouoo,  which  are  most  abundant  on 
the  eastern  flanks  of  the  Coast  Bfuige,  and  probably  form  the  lower 
portion  of  the  group.  Besides  these  volcanic  rocks,  tiiere  is,  however, 
a  great  thickness  of  comparatively  soft  sandstones  and  argillites, 
with  beds  of  impure  coaL  The  strata  are  arranged  in  a  series  of 
folds  more  or  less  abrupt,  and  have  a  general  north-west  and  south- 
east strike.  It  is  not  impossible,  from  the  general  palaontological 
identity  of  the  rooks  of  the  interior  with  the  older  of  those  of  the 
coast,  that  the  Skeena  region  may  eventually  be  found  to  contain 
valuable  ooal-seams,  but  this  part  of  the  country  is  at  present  very 
difficult  of  access,  and  there  is  no  inducement  to  explore  it' 

Jtocks  of  the  Vancouver  and  Coast  Itanges. — Previous  to  the  deposit 
of  the  Cretaceous,  the  older  formations  had  been  folded  and  dis- 
turbed, and  were  in  degree  of  alteration  much  as  at  present.  While 
there  is  therefore  no  difficulty  in  distinguishing  the  Cretaceous  from 
the  Pre-cretaceous  rocks,  the  subdivision  of  the  latter  becomes  in 
many  instances  a  difficult  matter,  the  generally  wooded  and 
inaccessible  character  of  the  country  adding  to  the  obscurity  in 
many  districts.  Without  therefore  entering  into  detail  in  regard  to 
the  various  groups,  which  it  has  been  found  necessary  provisionally 
to  constitute  and  name,  I  shall  attempt  to  give  a  short  connected 
sketch  of  these  older  rocks,  beginning  with  those  of  the  Coast. 
In  1872  Mr.  Biohardson  described  a  section  across  the  centre  of 
Yancouver  Island,'  comprising  a  great  thickness  of  beds  which  have 
been  closely  folded  together  and  overturned.  These  consist  of  lime* 
stones,  generally  crystalline,  but  varying  in  texture  and  colour, 
interbedded  with  compact  amygdaloidal  and  slaty  volcanic  rocks 
of  contemporaneous  origin.  These  are  classed  generally  as 
"  diorites  "  in  the  report  cited,  but  admit  of  separation  into  several 
different  species  of  igneous  rocks,  not  here  necessary  to  detail. 
Argillites  also  occur,  but  are  apparently  not  prominent  in  the 
section.  Fossils  are  found  abundantly  in  some  of  the  limestones, 
and  though  invariably  in  a  poor  state  of  preservation,  the  late 
Mr.  Billings  was  able  to   distinguish,  besides  crinoidal  remains, 

*  Report  of  Progress,  Geol.  Survej  of  Canada,  1876-77,  p.  160. 

J  I  am  indebted  to  Mr.  J.  F.  Whiteaves  for  facts  in  regard  to  the  palasontological 
evidence  of  the  horizons  of  the  subdiyisions  of  the  Cretaceous,  commimicated  in  ad- 
Tance  of  the  publication  of  part  iii.  of  the  Metazoie  Fossilt, 

*  Beport  of  Progress,  GeoL  Sunrej  of  Canada,  1872-73,  pp.  62-56. 
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a  ZapkrenUsj  a  DiphiphyUum,  a  Froduetus,  and  a  Spirifer^  and 
pronounced  the  beds  to  be  probably  Carboniferous  in  age. 

Bocks  belonging  to  the  older  series,  unconformably  underlying 
the  Cretaceous,  have  now  been  examined  in  many  additional 
localities  on  Vancouver  Island,  and,  while  no  palaeontological  facts 
have  been  obtained  to  prove  that  they  are  older  than  those  of  the 
section  above  described,  much  circumstantial  evidence  has  been 
collected  to  show  that  rocks  even  much  more  highly  crystalline  than 
those  of  the  above  section,  and  which,  judged  by  standards  locally 
adopted  in  Eastern  America,  would  be  supposed  to  be  of  great 
antiquity,  represent  approximately,  at  least,  the  same  horizon. 

At  the  south-eastern  extremity  of  the  island,  in  the  vicinity  of 
Victoria,  a  series  of  rocks  occurs  wbich  was  placed  by  Mr.  Selwyn, 
in  his  provisional  classification  of  the  rocks  of  British  Columbia, 
under  the  title  of  the  Vancouver  Island  and  Cascade  Crystalline 
Series.^  Mr.  Selwyn,  in  speaking  of  these,  remarks  on  their 
lithological  similarity  to  the  Huronian  rocks,  or  those  of  the  altered 
Quebec  group  of  Eastern  Canada.  A  somewhat  detailed  examination 
of  this  series  has  since  been  made,  and  shows  it  to  be  built  up  in  great 
part  of  dioritic  and  fel spathic  materials,  which  in  places  become 
well  characterized  mica-schists,  or  even  gneisses,  while  still  else- 
where distinctly  maintaining  the  character  of  volcanic  ash-beds  and 
agglomerates.  With  these  are  interbedded  limestones,  and  occa- 
sionally ordinary  blackish  argillites.  No  more  certain  palaeonto- 
logical evidence  of  the  age  of  these  beds  than  that  aflforded  by 
some  large  crinoidal  columns  which  occur  in  the  limestones,  has  yet 
been  obtained.  These,  however,  suffice  to  show  that  they  cannot  be 
referred  to  a  pre-Silurian  date,  and  it  is  highly  probable  that  they 
are  actually  a  more  altered  portion  of  the  series  repre8ente<l  in  the 
first  described  section,  from  which  their  greatest  point  of  difference 
is  found  in  the  smaller  proportionate  importance  of  limestones. 
They  occur  in  the  continuation  of  the  same  axis  of  elevation  at  no 
very  great  distance,  and  the  greater  disturbance  which  they  have 
suffered  would  serve  to  aooount  for  the  higher  degree  of  alteration 
in  materials  so  susceptible  of  crystallization  as  those  of  volcanic 
origin. 

Elsewhere,  in  the  vicinity  of  Vancouver  Island,  rocks  holding 
fossils,  which  seem  to  be  Carboniferous,  and  formed  in  part  of  volcanic 
materials,  occur ;  and  on  Texada  Island,  beds  probably  of  the  same 
age  are  found,  consisting  of  interstratified  limestone  or  marble, 
magnetic  iron  ore,  epidotic  rock,  diorite,  and  serpentine. 

Passing  north-westward,  along  the  same  mountainous  axis,  to  the 
Queen  Charlotte  Islands,  we  find  the  rocks  there  underlying  the 
Cretaceous  Coal  series  to  present,  in  the  main,  features  not  dissimilar 
to  those  of  Vancouver  Island.  Massive  limestones,  generally  fine- 
grained, grey,  and  often  cherty,  are  folded  together  with  felspathic 
and  dioritic  rocks,  sometimes  so  much  altered  as  to  have  lost  the 
evidence  as  to  whether  they  were  originally  fragmental  or  molten. 

^  Beport  of  Progress,  Geol.  Survey  of  Canada,  1871-2,  p.  62. 
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In  other  plooes  they  are  still  well-marked  rough  agglomerates,  or 
amygdaloids. 

No  characteristio  fossils  have  been  obtained  from  these  rooks,  bnt 
at  the  summit  of  this  part  of  the  series,  and  adhering  olosely  to  a 
limestone  which  apparently  forms  its  upper  member,  oooars  a  great 
thickness  of  regularly-bedded  blackish  adoareous  argillite,  generally 
quite  hard  and  much  fractured,  but  holding  numerous  well-preserved 
fossils,  including  Monoti$  svbeireidariB  and  other  characteristio  forms 
of  the  so-called  '' Alpine  Trias  "  of  Califomia  and  the  40th  parallel 
region,  which  represents  the  Ebllstadt  and  St  Gassian  beds  of 
Europe.  The  resemblance  of  the  lower  unfossiliferous  rocks  first 
described  to  the  probably  Oarboniferous  beds  of  Vancouver,  leads  to 
the  belief  that  these  may  also  be  of  the  same  age,  while  any  slight 
unconformity  between  these  and  the  Triaasio  may  be  masked  by 
subsequent  folding  and  disturbance. 

In  the  extreme  north-western  part  of  Yanoouver  Island  Triassio 
rocks  like  those  of  the  Queen  Charlotte  Islands  occupy  extensive  bat 
yet  undefined  areas,  while  the  slaty  auriferous  rooks  of  Leach  Biver, 
near  Yictoria,  may  also  represent  the  Triassio  argillites  in  a  more 
altered  state.^ 

As  already  mentioned,  Mr.  Belwyn,  in  his  provisional  classification, 
unites  under  one  title  the  older  rocks  of  Vancouver  Island,  above 
described,  and  those  which  form  the  greater  part  of  the  Cascade  or 
Coast  Hanges.  The  progress  in  the  investigation  of  the  country 
seems  to  favour  the  correctness  of  this  view,  and  to  show  a  blending 
and  interlocking  of  such  characters  of  difference  as  the  typical  or 
originally  examined  localities  of  the  two  series  present  Tracing 
the  rocks  eastward  from  the  shores  of  Yancouver  Island,  we  find 
them  becoming  more  disturbed  and  altered,  the  limestones  always 
in  the  condition  of  marbles,  and  seldom  or  never  showing  organic 
traces,  the  other  rooks  represented  chiefiy  by  grey  or  green  diorites, 
gneisses — generally  homblendio — and  various  species  of  felspathio 
rocks,  such  as  may  well  be  supposed  to  have  resulted  from  the  more 
complete  crystallization  of  the  volcanic  members  of  the  series. 
Eeciirring  in  a  number  of  places,  and  folded  with  these  rocks,  is  a 
zone  of  micaceous  schists  or  argillites. 

The  rocks  classed  as  the  Anderson  Biver  and  Boston  Bar  series  ^  in 
the  provisional  classification  represent  one  fold  of  these  schists, 
which  may  be  supposed  to  be  more  or  less  exactly  equivalent  to  the 
Triassio  fiaggy  argillites  of  the  first  mountainous  axis. 

The  Coast  Bange  constitutes  an  uplift  on  a  much  greater  scale 
than  that  of  Yancouver  and  the  Queen  Charlotte  Islands  to  the  south- 
west of  it,  a  circumstance  which  appears  to  have  resulted  in  a  more 
complete  crystallization  of  its  strata,  and  has  also  led  to  the  intro- 
duction of  great  masses  of  homblendio  granite.  These  may  in  many 
places  represent  portions  of  the  strata  which  have  undergone 
incipient  or  complete  fusion,  in  place.  There  is  every  evidence  that 
in  the  Appalachian-like  folding  of  this  region  the  same  rocks  are 

^  Reports  of  Progress,  Oeol.  Survey  of  Canada,  1878-9,  p.  46  B ;  1876-7,  p.  96. 
>  Keport  of  Process,  Geol.  Surrey  of  Canada,  1871-2,  p.  62. 
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many  times  repeated.  East  of  the  lower  part  of  the  Eraser  River 
the  folds  have  been  completely  overturned  to  the  eastward. 

These  rocks  of  the  Coast  Range  have  with  other  features  of  the 
oonntry  a  great  extension  in  a  north-east  and  south-east  bearing, 
stretching,  with  an  average  width  of  100  miles  at  least,  from  the 
49th  parallel  to  Alaska,  a  distance  of  500  or  600  miles. 

Pre-CretcLceous  Bocks  of  the  Interior. — North-east  of  the  Coast 
Range  the  older  rocks  of  the  interior  plateau  are  more  varied,  but 
hare  in  their  different  developments  characters  in  common  with  each 
other  and  with  those  of  the  Coast  Range,  which  draw  them  closely 
together.  These  rocks,  which  were  included  under  the  Lower  and 
Upper  Cache  Creek  groups  of  the  original  classification,  may  be  said 
as  a  whole,  in  their  present  state,  to  consist  of  massive  limestones, 
diorites  or  allied  materials,  fel  spathic  rocks,  compact  agglomeritic 
or  slaty  qnartzites  and  serpentines.  The  last-named  rock  occurs  in 
association  with  the  contemporaneous  volcanic  materials,  and  doubt- 
lees  represents  the  alteration  product  of  olivine  rocks.  It  is  in  beds 
of  considerable  thickness  and  wide-spread,  and  is  of  interest  as  being 
of  a  period  so  recent  as  the  Carboniferous.  The  limestones  are  not 
nnfrequently  converted  to  coarse-grained  marbles,  and  together  with 
the  quartzite  appear  in  greatest  force  on  the  south-western  side  of 
the  area  they  occupy.  They  have  now  been  traced,  maintaining  their 
character  pretty  uniformly  throughout,  from  the  49th  to  the  53rd 
parallel.  Schistose,  or  slaty  argillite  rocks,  which  may  represent 
those  already  described  as  folded  with  the  Coast  Range  series,  also 
occur,  and  a  portion  of  these  at  least  probably  belongs  to  the  over- 
lying Triassio  or  Jurassic  division. 

In  regard  to  the  evidence  of  the  age  of  the  great  mass  of  these 
rocks,  forming  the  so-called  Upper  and  Lower  Cache  Creek  groups, 
the  following  points  may  be  mentioned.  A  portion  at  least  of  the 
formation  was  in  1871  shown,  by  fossils  collected  by  Mr.  Selwyn,  to 
belong  to  a  horizon  between  the  base  of  the  Devonian  and  summit  of 
the  Permian.  Additional  fossils  have  since  been  procured,  of  which 
the  most  characteristic  is  the  peculiarly  Carboniferous  foraminifer 
Fusulina.  This  has  now  been  found  in  several  localities,  scattered 
over  a  wide  area,  and  is  associated  at  Marble  Caiiou  with  the  remark- 
able Loftusia  Columbiana.^ 

In  the  southern  portion  at  least  of  the  interior  plateau  region  there 
exist,  besides  the  Palaeozoic  rocks  just  described,  and  in  addition  to 
the  probably  in  part  Triassic  argillites,  extensive  but  as  yet  undefined 
areas  of  Triassic  rocks  of  another  character.  These  are  in  great  part 
of  volcanic  origin,  and  have  been  designated  the  Nicola  series.  They 
have  generally  a  characteristically  green  colour,  but  are  occasionally 
purplish,  and  consist  chiefly  of  felspathio  rocks  and  diorites,  the 
latter  often  more  or  less  decomposed.  The  rocks  are  in  some  cases 
quite  evidently  amygdaloidal  or  fragmental,  and  hold  toward  the 
base  beds  of  grey  sub-crystalline  limestone,  intermingled  in  some 
places  with  volcanic  material,  and  containing  occasional  layers  of 
water- rounded  detritus.  The  distinctly  unconformable  junction  of  this 

^  Quart.  Journ.  Geol.  Soc.,  1879,  p.  69. 
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series  with  the  Cache  Greek  rooks  is  seen  on  the  South  Thompson,  a 
few  miles  above  Eamloops. 

In  the  Gold  Bange  whioh  borders  on  the  interior  plateau  to  the 
north-easty  the  conditious  found  in  the  Ooast  Bange  impear  in  many 
respects  to  be  repeated.  The  rooks  inst  descrihed,  but  with  lees 
quartzite  and  limestone,  and  probably  an  added  proportion  of 
volcanic  material,  are  found  in  a  more  or  less  highly  altered  state  as 
gneisses,  dioritio,  homblendio,  and  mioaeeous  schists,  and  ooaraely 
orystalline  marbles,  while  a  belt  of  schistose  and  argillaceous  bedsr 
probably  the  same  with  that  already  several  times  referred  to,  and 
newer  than  the  rocks  just  mentioned,  is  tightly  folded  with  them, 
giving  to  this  axis  of  elevation  its  &med  auriferous  character.  No 
fossils  have  yet  been  found  in  the  crystalline  rocks  of  this  range. 
Bespecting  the  proved  existence  in  it  of  a  series  of  rocks  older  thaa 
elsewhere  known  in  the  province,  the  fects  are  given  on  a  succeed* 
ingpage. 

For  the  region  to  the  north-east  of  the  Gtold  Bange,  including  the 
eastern  flanks  of  the  range,  and  the  country  between  it  and  the 
Bocky  Mountains  proper,  little  information  has  been  obtained.  It  is 
one  exceedingly  difficult  of  access,  owing  to  its  mountainous  and 
densely- wooded  character ;  but  the  transition  from  the  much-flexed 
rooks  of  the  first-mentioned  range  to  the  comparatively  little  bent 
though  much  broken  masses  of  the  lEtocky  Mountains  is  probably 
pretty  abrupt. 

Structure  of  the  Rocky  Ilountaina. — In  the  Bocky  Moantains  we 
have  the  broken  margin  of  the  undisturbed  sheets  of  strata  whioh 
underlie  the  gi'eat  plains,  projecting  in  block -like  masses.  In  British 
America  our  geological  knowledge  of  the  range  is  confined  to  the 
observations  of  its  extreme  northern  part  by  Sir  J.  Biohardson,  of  its 
southern  portions  by  Dr.  Hector,  a  traverse  on  the  Peace  Biver  by 
Mr.  Selwyn,  and  my  own  observations  in  the  last-named  locality 
and  on  the  49th  parallel. 

The  most  complete  section  is  that  in  the  vicinity  of  the  49th 
parallel,^  to  which  I  shall  briefly  refer,  and  then  indicate  points  of 
difference  between  the  rocks  shown  in  it  and  those  of  the  north- 
western continuation  of  the  range.  The  total  thickness  of  the  beds 
here  seen  is  about  4500  feet.  The  lowest  are  impure  dolomites  and 
fine  dolomitic  quartzites,  dark  purplish  or  grey,  with  a  thickness  of 
700  feet  or  more.  These  may  be  of  Cambrian  age,  and  are  supposed 
to  represent  the  Pogonip  formation  of  Clarence  Ring's  40th  parallel 
section.*  Overlying  this  is  a  pale  grey  cherty  magnesian  limestone, 
with  magnesian  grits,  estimated  at  200  feet  in  thickness,  which  is 
supposed  to  represent  the  Ute-Pogonip  limestone  of  Silurian  age  of 
the  40th  parallel  section.  Next  in  order  is  2000  feet  or  more  of 
sandstones,  quartzites,  and  slaty  rocks  of  various  tints,  but  chiefly 

^  Though  the  investigation  of  the  rocks  of  this  part  of  the  Rocky  Mountains  was 
carried  on  quite  ind<>pendentl7,  and  reported  on  in  1875,  it  has  been  thought  desirable 
to  refer  the  formations  as  far  as  possible  to  King's  section,  as  being  much  the  best 
hitherto  published  for  the  Rocky  Mountain  Region. 

>  GeoL  and  Resources  of  49th  Parallel,  p.  66. 
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reddish  or  greenish  grey,  holding  also  magnesian  grits,  and  a  well- 
marked  zone  of  bright  red  beds.  These  may  be  equivalent  to  the 
Nevada  Devonian  and  Ogden  quartz!  tes  of  the  same  age,  on  the  40th 
parallel.  The  Carboniferous  is  next  represented  by  a  massive  bluish 
limestone  1000  feet  in  thickness,  above  which  lies  an  amygdaloidal 
trap  50  to  100  feet  thick,  which  maintains  its  place  for  at  least 
twenty-five  miles  along  the  mountains.  Above  this  are  flaggy  beds  of 
magnesian  limestone  and  sandstone  with  red  sandstone,  which  become 
especially  abundant  towards  the  top,  the  thickness  of  the  series  being 
about  200  feet.  The  position  of  the  upper  line  of  the  portion  of  the  for- 
mation which  should  be  referred  to  the  Carboniferous  is  uncertain, 
bnt  it  is  probable  that  a  part  at  least  of  the  beds  last  described  belong 
to  it  Passing  gradually  upwards  from  this  seiies  is  about  400  feet 
of  beds,  characterized  by  a  predominant  red  colour,  and  chiefly  thin- 
bedded  red  sandstones,  often  ripple-marked,  and  showing  on  some 
mrfaces  impressions  of  salt  crystals.  Fawn-coloured  magnesian 
sandstones  and  limestones  occur  towards  the  top.  These  without 
doubt  represent  the  Triassic  or  Jura-Triassic  red  beds  extensively 
developed  everywhere  to  the  southward,  in  the  eastern  ranges  of  the 
Cordillera  region. 

North-westward,  to  the  Athabasca  River,  Dr.  Hector*s  numerous 
excursions  in  this  mountain  axis  prove  the  great  mass  of  the  range 
to  be  composed  of  Carboniferous  and  Devonian  beds,  which  are  pre- 
dominantly limestones,  but  it  is  also  probable  t£at  some  of  the  older 
rocks  above  described  may  occur. 

In  the  Peace  River  region,  on  the  55th  and  56th  parallels,  the  con- 
ditions are  somewhat  changed.  Massive  limestones  of  Devonian  and 
probably  also  of  Carboniferous  age,  associated  with  saccharoidal 
qnartzites,  here  form  the  axial  mountains.  On  the  west  side  these 
are  overlain  by  an  extensive  schistose  series,  in  which  micaceous 
schists  and  argillites,  more  or  less  altered,  predominate.  These  are 
known  to  occupy  a  long  trough  east  of  the  Parsnip  River,  and  cross 
the  Misinchinka,  with  considerable  width.  They  are  doubtless  of 
the  same  age  as  the  gold-bearing  schists  of  Cariboo,  before  referred 
to,  and  while  no  fossils  have  here  been  found  in  them,  a  series  of 
dark  argillites  on  the  eastern  slope  of  the  mountain  axis  which  con- 
tain several  Triassic  forms — more  particularly  the  characteristic 
Monotis — may,  it  is  supposed,  represent  the  continuation  of  the  same 
series  in  a  less  altered  state.  These  marine  Monotis  shales,  it  will  be 
observed,  seem  to  represent  in  this  section  the  red  beds  of  the  region 
further  south.  Volcanic  material  appears  to  be  entirely  absent  from 
the  limestone  series. 

While  in  the  Rocky  Mountains  on  the  49th  parallel,  formations 
extending  downwards  to  the  Cambrian  have  been  identified  with 
some  degree  to  certainty,  it  will  be  observed  that  none  older  than 
Carboniferous  or  Devonian  have  so  far  been  mentioned  as  occurring 
in  other  parts  of  the  region.  It  is  quite  possible,  however,  that  rocks 
of  Silurian  or  even  Cambrian  age  may  exist,  though  the  disturbed 
nature  of  the  country  has  so  far  prevented  their  discovery.  It  has 
been  attempted  here  merely  to  give  a  general  sketch  of  the  more 
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important  groupfl  of  rooks,  whioH  oonsfcitate  tlie  mass  of  the  forma- 
tions of  the  Provinoe.  Still  older  rooks,  whioh  may  indeed  represent 
part  of  the  Arohaaan  of  the  40th  parallel  area,  are  known  to  occar, 
but  about  them  little  has  yet  been  certainly  determined.  They 
appear  at  intervals  in  the  Grold  Bange,  and  in  the  region  between  it 
and  the  Rooky  Moontains.  The  rooks  appear  to  be  gneisses  and 
granites,  holding  orthoolase  felspar,  and  with  abundant  quartz  and 
mica,  very  often  gametiferous  and  coarsely  crystalline.  Th^  were 
originally  classed  with  the  schistose  gold-bearing  rooks  of  Cariboo 
and  their  representatives  elsewhere,  but  we  have  already  found 
reason  to  believe  that  these  schists  are  much  newer,  and  during  the 
past  summer  those  on  the  Misinohinka  have  been  found  to  be  charged 
Yn\k  half-rounded  quartz  and  felspar  from  the  old  rooks  above 
mentioned,  whioh  must  have  been  fully  metamoiphosed  at  the  time 
of  their  deposition.  A  small  area  of  these  oldest  and  possibly 
Itaurentian  rocks  occurs  near  Oarp  Lake  in  the  northern  part  of  the 
Province.  They  also  exist  in  the  Oariboo  district,  though  they  have 
not  yet  been  defined  there.  They  are  described  by  Mr.  Selwyn  as 
occurring  on  the  upper  part  of  the  North  Thompson,  and  the  gneissio 
rocks  noted  by  Dr.  Hector  near  the  sources  of  the  Athabasca,  on  the 
western  side  of  the  Rocky  Mountain  axis,  probably  belong  to  the 
same  fundamental  series. 

Physical  Condition$  implied  hy  tlie  Deposits. — This  review  of  the 
state  of  knowledge  of  the  rock  series  of  British  Columbia  may  well 
be  concluded  by  glancing  rapidly  at  the  physical  conditions  implied 
in  the  production  of  the  different  formations.  The  oldest  land 
surface  of  which  we  have  any  knowledge  is  that  of  the  probably 
Archssan  rocks  just  described,  and  must  have  been  in  the  region  of 
the  Gold  Range  of  to-day.  It  may  have  extended  farther  westward 
in  early  Palasozoic  time,  forming  a  continental  area  like  that 
supposed  by  King  to  have  stretched  west  from  the  Wahsatch 
Mountains  on  the  40th  parallel,  but  no  trace  of  its  existence  to  the 
eastward  of  the  western  margin  of  the  Rocky  Mountain  Range  has 
yet  been  found.  In  Devonian  and  Carboniferous  times  the  geography 
of  the  region  begins  to  outline  itself  more  definitely.  The  probably 
Archaean  rocks  at  this  time  formed  a  more  or  less  continuous  barrier 
of  land  along  the  line  of  the  Gk>ld  Range,  between  the  interior  con- 
tinental basin  to  the  north-east  and  the  Carboniferous  Pacific  to  the 
south-west.  In  the  eastern  sea  organic  limestones  with  sandy  and 
shaly  beds  were  being  deposited,  and  in  the  vicinity  of  the  49th 
parallel  at  least  one  well-marked  flow  of  igneous  material  evidences 
the  existence  of  volcanic  phenomena.  In  the  west  and  south-west  of 
the  land  barrier  the  conditions  were  widely  differeqt.  Here,  too, 
limestones  were  in  process  of  formation,  but  extensive  siliceous 
deposits  were  also  forming,  while  a  great  chain  of  volcanic  vents — 
submarine  or  partly  subaerial — nearly  coincident  with  the  present 
position  of  the  Coast  Range  and  those  of  Vancouver  and  the  Queen 
Charlotte  Islands.  Trap  and  agglomerate  rocks  were  thus  added  to  the 
series.  Similar  centres  of  volcanic  activity  may  have  existed  in  the 
vicinity  of  the  land  barrier  on  the  west,  whilst  the  finer  felspathio 
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material  affected  the  oomposition  of  the  argillites  and  other  rocks,  in 
proi^ress  of  deposition,  even  at  a  great  distance  from  any  of  the  vents, 
And  the  series  acquired  a  great  thickness. 

Evidence  of  some  disturbance  at  the  close  of  the  Carboniferous 
period  is  found  in  the  unconformable  superposition  of  the  Kicola 
Triassic  on  these  rocks,  in  the  southern  portion  of  the  interior  of  the 
Province.  This,  however,  appears  to  have  affected  the  region  to  the 
west  of  the  land  barrier  alone,  and  to  have  resulted  in  the  more  com- 
plete definition  of  this  barrier,  and  probably  to  its  increased  elevation ; 
for  in  Triassic  and  Jurassic  times  we  find  the  deposition  of  the  red 
b^s  and  flaggy  dolomitic  limestones  with  salt,  going  on  to  the  east 
near  the  49th  parallel,  and  further  south  the  actual  inclusion  of  salt 
and  beds  of  gypsum,  proving  that  this  region  was  then  a  shallow 
inland  sea  cut  off  from  communication  with  the  ocean.  To  the  west 
of  the  land  barrier  on  the  contrary,  in  the  Triassic,  and  probably 
also  in  the  Jurassic,  a  great  thickness  of  volcanic  rocks  with  lime- 
stones and  argillites  was  being  formed  along  the  border  of  the 
Pacific.  The  argillites  of  this  period  probably  afterwards  became 
the  chief  gold-beai*ing  formation  of  the  country,  as  is  proved  to  have 
been  the  case  in  California.  These  with  the  volcanic  accumulations 
doubtless  represent  the  Star  Peak  and  Koipato  gi'oups  of  the  Triassic 
as  described  by  King  on  the  40th  parallel  between  the  Sierra  Nevada 
and  the  Wahsatch  Ranges ;  and  though,  as  elsewhere  stated,*  I  have 
not  been  able  to  find  that  the  existence  of  Carboniferous  volcanic 
rocks  has  been  recognized  in  the  Sierra  Nevada  of  California,  it  seems 
probable,  from  the  description  and  appearance  of  the  rocks,  that  more 
or  less  altered  volcanic  materials,  perhaps  both  of  Mesozoic  and 
Palseozoic  age,  enter  into  its  composition.  A  further  circumstance  of 
interest  in  connexion  with  the  Jura-Trias  period  is  the  evidence  now 
obtained  that  the  sea  apparently  spread  uninterruptedly  eastward 
across  the  Rocky  Mountains  and  into  the  Peace  River  country,  at 
least  as  far  south  as  the  55th  parallel.  This  is  proved  both  by  the 
lithological  character  of  the  rooks,  and  the  fossils  they  contain,'  and 
we  thus  arrive  at  an  approximate  definition,  not  only  of  the  western 
but  also  of  the  northern  limits  of  the  great  inland  sea,  which  extended 
south-eastward  to  New  Mexico,  though  we  still  remain  ignorant  of 
the  precise  character  of  the  northern  barrier.  This  period  was  closed 
hy  a  great  disturbance  along  the  whole  Cordillera  region.  In 
California  the  Sierra  Nevada  rose  up  as  a  mass  of  crumpled  and 
compressed  folds.  In  the  southern  part  of  British  Columbia  the 
disturbance  affected  the  region  from  the  Gold  Range  to  the  coast, 
extending  the  land  area  westward  to  the  I21st  meridian,  and  giving, 
BO  far  as  is  known,  the  first  upthrust  to  the  mountains  of  Vancouver 
and  Queen  Charlotte  Islands,  but  forming  no  continuous  range  where 
tlie  great  belt  of  coast  mountains  now  is. 

In  the  earliest  beds  of  the  Cretaceous  there  is  evidence  of  a  general 
slight  subsidence  in  progress,  with  the  formation  of  conglomerates, 
and  we  can  trace  the  shore-line  of  the  Cretaceous  Pacific,  which 

*  GroL.  Mao.  1877,  p.  316. 

*  See,  on  the  latter  point.  Report  of  Progress,  Geol.  Snrvey,  1876-7,  p.  158. 
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cTOflses  the  49fli  parallel  near  the  121gt  meridian,  southward  to  the 
Blue  MoantainB  of  Oregon,  south-westward  to  Moont  Shasta,  and 
from  this,  aocording  to  Whitney,  still  farther  southward  along  the 
western  slope  of  the  Sierra  Nevada.  To  the  north  it  appears  nearly 
to  follow  the  present  north-easteni  line  of  the  Coast  Range  to  the 
52nd  parallel,  when  it  turns  north-eastward,  passing  oompletely 
across  the  line  of  the  Gk>ld  Bange,  and  by  straits  and  openings 
through  the  Rocky  Mountains  on  the  55th  parallel,  connecting  this 
with  the  great  Cretaceous  Mediterranean  S^  of  the  interior  of  the 
continent  In  the  southern  part  of  British  Columbia  it  would  appear 
that  the  Rocky  Mountains  proper  were  not  at  this  time  elevated,  ibut 
that  the  Cretaceous  Mediterranean  washed  the  eastern  shore  of  the 
Gold  Range.  In  the  Peace  River  region,  however,  just  mentioned, 
there  is  ample  proof  that  the  Rooky  Mountains  formed  even  at  this 
time  a  more  or  less  continuous  shore-line  or  series  of  islands,  around 
which  the  Cretaceous  beds  were  deposited. 

The  existence  of  a  great  thickness  of  rocks  of  volcanic  origin  in 
the  Cretaceous  of  several  parts  of  the  Province  has  already  been 
alluded  to.  Their  resemblance  to  those  described  as  occurring  in. 
the  Cordillera  region  in  Chile,  by  Darwin,  has  been  pointed  out  by 
the  writer  in  a  former  communication  to  the  Geolooioal  Magazine.^ 

The  Cretaceous  closed  with  another  period  of  folding,  in  which 
additional  height  was  given  to  the  Vancouver  and  Queen  Charlotte 
Island  Ranges,  the  Coast  Ranges  were  produced,  as  well  as  cor- 
rugations doubtless  caused  still  further  eastward  which  cannot  now 
be  separated  from  those  of  other  periods.  At  this  time,  or  shortly 
after,  the  Rocky  Mountains  attained  their  full  height  and  development. 

No  trace  of  the  earlier  or  Eocene  Tertiary  has  been  found  in 
British  Columbia,  and  it  is  probable  that  the  Province  was  through- 
out at  that  time  a  land  area.  In  the  Miocene,  the  relative  elevation 
of  sea  and  land  was  much  as  at  present,  but  the  great  inland  lake 
formerly  alluded  to  was  in  existence.  This  lake  was  doubtless  the 
northern  continuation  or  homologue  of  that  which  has  been  called 
the  Pah-Ute  Lake  by  Clarence  King,  and  which  lay  east  of  the 
Sierra  Nevada  on  the  40th  parallel.  The  rocks  formed  in  it  thus 
represent  the  Truckee  Miocene  of  Eing*s  section. 

The  Miocene  closed  with  extensive  volcanic  disturbances  through- 
out the  country  south-west  of  the  Gold  Range,  and  eventually  by 
still  another  epoch  of  corrugation  and  crumpling  probably  synchro- 
nous with  that  which  produced  the  Tertiary  Coast  Hills  of  California, 
and  which  may  have  given  to  the  northern  part  of  the  coast  the 
greater  elevation,  which  it  appears  to  have  possessed  during  Plio- 
cene times,  when  the  wonderful  system  of  fiords,  by  which  it  is  now 
dissected,  were  cut  out 

The  most  striking  points  brought  out  by  the  study  of  this  region 
are  piobably  the  following.  First,  the  repeated  corrugation,  parallel 
in  the  main  to  a  single  axis,  which  has  occurred  in  the  Cordillera 
region.     Second,  the  occurrence  of  great  and  wide-spread  masses  of 

^  Geol.  Mao.  1877,  p.  314.  The  rocks  elsewhere  descrihed  were  at  the  time  the 
article  in  question  was  written  supposed  to  he  Jurassic. 
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▼olcanic  material  at  at  least  four  distinct  horizons,  proving  the 
activity  for  an  immense  period  of  the  yolcanic  forces  along  this 
portion  of  the  Pacific  margin.  Lastly,  the  sometimes  almost  insuper- 
able difficulty  of  distinguishing  between  volcanic  rocks  of  different 
periods  when  they  have  suffered  a  like  degree  of  metamorphism,  and 
the  inappropriateness  of  attempting  to  apply  lithological  standards, 
which  have  in  eastern  America  or  elsewhere  been  found  locally  useful 
in  distinguishing  between  different  series  of  crystalline  rocks,  in  a 
r^on  characterized  by  the  abundance  of  easily  crystal lizable 
Tolcanic  materials,  and  in  which  rocks  of  as  late  date  as  the 
Carboniferous  have  suffered  a  degree  of  metamorphism  comparable 
to  that  of  the  Huronian  or  altered  Quebec  group  of  Eastern  Canada. 

L — On  Gk)LD  IN  Nature.  [Dell'  Oro  in  Natura,  etc.]  By 
Chbv.  Wm.  Jervis,  F.G.S.,  Conservator  of  the  Koyal  Italian 
Industrial  Museum  in  Turin,  etc.  Small  8vo.  204  pages,  with 
Woodcuts  andTables.   (Turin,  Loescher ;  London,  Trubner  &  Co.) 

11HIS  history  of  Gold  among  ancient  and  modem  nations,  its 
geographical  distribution,  and  its  geological,  mineralogical,  and 
economical  aspects,  is  an  extension  of  a  part  of  Prof.  Jervis*s  public 
lectnres  at  the  Royal  Museum  in  Turin,  on  the  nature  and  geological 
bearings  of  mineral  lodes  and  veins,  and  of  detrital  metalliferous 
formations,  such  as  the  alluviums  and  diluviums  in  which  the 
precious  metals  and  gems  are  so  frequently  met  with.  The  lectures 
were  new  for  Turin  and  attracted  large  audiences ;  but  the  subject 
of  Gold  alone  is  treated  of  in  this  published  portion. 

In  writing  his  monograph  on  gold,  the  author  has  considered  this 
metal  historically,  economically,  and  scientifically,  but  excluding  its 
chemical  relationship,  as  being  so  well  known  already.  He  has 
given  a  summary  of  the  history  of  gold,  both  as  extracted  from  its 
original  beds,  and  as  employed  in  society,  from  the  earliest  recog- 
nizable periods  (as  recorded  in  ''Genesis"),  through  the  several 
^rreat  nations  of  antiquity,  down  to  the  Fall  of  the  Roman  Empire. 
This  summary  is  clear  and  useful,  and  not  without  some  new 
historical  considerations. 

From  the  period  last  mentioned  down  to  our  own  times  the 
production  of  gold  in  different  countries,  and  the  modes  of  its 
occurrence,  are  treated  of  in  successive  chapters — under  the  follow- 
ing geographical  headings — 1.  Japan,  China,  Siara,  Eastern  Archi- 
pelago, and  Africa.  2.  The  lands  discovered  and  opened  up  by 
(Columbus,  Cortez,  and  Pizarro  in  the  16th  century.  3.  Brazil, 
Uniguay,  Guiana,  Venezuela,  Columbia,  Ecuador,  Chili,  and  Bolivia. 
4.  Europe  and  Asiatic  Russia.  6.  United  States  of  North  America, 
with  California  and  conterminous  territories.  6.  Canada,  British 
Columbia,  and  Nova  Scotia.  7.  Australia,  Tasmania,  and  New  Zealand. 
Necessarily  the  geological  details  and  methods  of  digging,  washing, 
Rud  mining  for  gold  are  more  fully  given  for  Hungary,  Russia 
and  Siberia,  California,  and  Victoria,  than  for  other  localities. 
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Statistics  of  gold-piodnotioii  in  the  Beoond  half  of  the  19th 
century  in  Hungary,  in  Buasia,  in  Oalifomia  and  elaewhere  in  the 
United  States,  in  British  Oolnmbia,  in  Yiotoria,  and  in  New  South 
Wales,  are  shown  in  careful  tables.  The  several  kinds  of  gold, 
with  specific  gravity,  per-centage  of  impurities,  and  other  particulars 
and  authorities,  from  forty  world-wide  localities^  are  given  in 
another  table.  The  numerous  recorded  nuggets  of  gold  found  in 
Bnssia,  the  United  States,  Victoria,  and  New  South  Wales,  with 
their  dates,  localities,  depth  from  the  surface^  weight,  end  carat- 
value,  fill  a  large  table  of  twelve  pages.  Another  lai^  table, 
with  lithographed  scales  and  graduated  lines,  exhibits  the  relative 
production  of  gold,  from  1848  to  1880,  both  inclusive,  in  California, 
Australia,  Russia,  Siberia,  British  Columbia,  and  other  countries. 

From  the  Fall  of  the  Boman  Empire  we  find  in  history  little 
about  gold  and  gold-mining  down  to  the  time  of  Marco  Polo's 
travels.  Japan  then  comes  into  notice;  and  not  long  afterwards 
America  and  her  gold-fields  were  visited  by  Europeans.  In  the 
preceding  interval,  gold  was  very  scarce  in  Western  Europe.  The 
17th  century  brou^t  forward  the  Uralian  and  Siberian  gold- 
deposits  ;  and  in  the  current  half  of  the  present  century  California 
and  Australia  displayed  their  vast  gold-fields.  Thus  the  order 
adopted  by  Chev.  Jervis  in  the  practical  and  economical  history  of 
gold  is  well  considered  and  correct. 

How  far  the  possession  of  gold-mines  may  or  may  not  benefit  a 
state  is  briefiy  considered  in  a  short  chapter. 

The  author  has  added  a  polyglot  vocabulary  of  the  words  used 
for  gold  by  a  hundred  difilBrent  tribes  and  nations.  This  has  been 
enlarged  from  Christopher  Eeferstein's  ''  Mineralogia  Polygottica." 
A  full  index  completes  this  small,  but  Very  useful  and  trustworthy 
Monograph  on  Qold.  T.  B.  J. 

n. — Fossil  Spomok  Spioulxs   fboh  ths  Uppkb  Chalk.    Found 

IN   THB   INTKRIOB   OF   A   SINGLE   FLINT-STONK   FBOM    HoBSTSAD    IK 

Norfolk.    By  Gbobgb  Jennings  Hindb,  Ph.D.,  F.G.S.    8vo. 
pp.  83 ;   Five  Plates.     (Munich,  1880.) 

EYEHY  student  of  geology  will  be  familiar  with  the  sketch  of  the 
Chalk-pit  at  Horstead,  drawn  many  years  ago  by  the  late 
Mrs.  John  Gunn,  and  of  which  a  wood -engraving  was  published  by 
Lyell,  in  his  "  Elements  of  G^eology,"  and  "  Student's  Elements." 
At  that  time  the  Chalk  displayed  a  considerable  number  of  the  huge 
and  remarkable  flints  called  potstones  or  <<  Paramondras/'  but 
during  the  progress  of  the  working  the  number  shown  has  de- 
creased, and  latterly  but  few  have  been  obtained.  Now  the  working 
of  the  Chalk  at  this  old  pit  has  been  given  up,  but  many  "  large 
variously  shaped  nodules  of  flint "  remain,  "  strewn  over  the  floor 
of  the  pit,  after  the  removal  of  the  soft  chalk  in  which  they  had 
been  imbedded."  One  of  these,  "  about  a  foot  in  diameter,  and 
more  spheroidal  than  the  generality  of  the  potstones,"  attracted  the 
attention  of  Dr.  Hinde  during  a  visit  he  paid  to  the  pit  a  little  time 
ago;  it  exhibited  "a  central  cavity,  which  contained  a  quantity  of 
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xniaterial  resembling  fine  fiour  in  appearance  and  feel,  and  of  a 
creamy- white  tint."     Carefully  wrapping  this  material  in  a  news- 
paper, he  took  away  the  prize,  with  the  object  of  submitting  it  to 
minute  investigation.     The  result  is  given  in  the  work  before  us. 
The  material  when  prepared  for  examination  weighed  about  three  or 
four  ounoee,  and  yielded  a  number  of  Foraminifera,  and  f^i^omo- 
Btraea,  fragments  of  Echini,  Annelida,  Cirripedia,  Polyzoa,  Brachio' 
poda,  Lameliibranchinta,  and  Fishes ;  and  in  addition  the  beautifully 
-varied   Sponge-spicules,   which  Dr.   Hinde  has   now  figured  and 
deaoribed.     These  spicules,  which  he  studied  at  Munich  with  the 
hearty  oo-operation  of  Prof.  Zittel,  he  has  grouped  under  no  less 
than    twenty-one    genera,   including    nine    new    species.      In    a 
postscript  he  refers  to  the  recent  work  of  Prof.  Sollos  (Ann.  and 
Mag.  Nat  Hist  ser.  6,  vol  vL  pp.  381-395,  437-4G0),  wherein  that 
aothor  describes  a  number  of  sponge-spicules  from  flint-nodules  of 
the  Chalk  at  Trimmingham  in  Norfolk.     Prof.  Sollas  has  placed 
them  under  seventeen  genera,  of  which  no  fewer  than  thirteen  are 
new,  and  Dr.  Hinde  admits  that  '*  nearly  all  the  forms  present  at 
Trimmingham "  are   included    among    those    he    describes    from 
Horstead.     We  must  leave  the  students  of  sponges  to  settle  these 
differenoes.      Dr.  Hinde  discusses  the  difficulties   that  attend   the 
exact  identification  of  isolated  spicules  **  from  the  fact  that  in  the 
skeletons  of  both  fossil  and  recent  sponges,  very  many  [foreign] 
spicules  get  intermingled  with  the  sponge."     **  Another  difficulty  is 
owing  to  the  fact  of  the  same  form  of  spicule  being  common  to 
several  different  genera  of  sponges,"  while  **  in  other  sponges,  there 
are  six  or  seven  different  forms  of  spicule  in  the  same  species." 
But  setting  aside  these  perplexities,  Dr.  Hinde  has  done  excellent 
service  to  science  in  developing  and  illustrating  the  treasures  of  this 
single  flint-nodule  from  Horstead.     Although  he  docs  not  attempt  to 
discuss  in  detail  the  question  of  the  origin  of  the  flints  in  the  chalk, 
he  makes  some  remark  upon  it,  and  observes  **  that  the  beautifully 
perfect  state  of  preservation  of  the  various  delicate  fossil  organisms 
in  the  interior  of  this  flint,  when  compared  with  the  nearly  complete 
obliteration  of  their  structures  in  the  enveloping  chalk,  points  to  the 
conclusion,  that  the  period  in  which  the  flints  were  formed  must 
have  been  previous  to  that  consolidation  of  the  mass  of  the  chalk  by 
which  the  smaller  fossils  were  mostly  destroyed."     To  the  many 
interested   in   flint-formation.   Dr.   Hinde's   work  offers  plenty   of 
material  for  careful  study,  while  at  the  same  time  it  furnishes  an 
excellent  example  of  what  may  be  done  by  patient  investigation  in 
a  somewhat  restricted  field.  H.  B.  W. 


IIL — Jungle  Life  in  India;  or  the  Journeys  and  Journals  op 
AN  Indian  Geologist.  By  V.  Ball,  M.A.,  Geological  Survey  of 
India.     8vo.  pp.  720.     (London,  De  la  Rue  &  Co.,  1880.) 

OUR  Indian  Geological  Survey  has  now  been  in  active  progress  for 
about  a  quarter  of  a  century.  As  early  as  1851,  the  late  Dr. 
Oldham  went  to  Calcutta  for  the  purpose  of  making  preliminary 
observations,  but  it  was  not  until  1856  that  he  was  enabled  to 
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establish  a  reffolar  system  of  opexations.*  Siooe  that  period  the 
important  resmts  of  this  Snrvej  have  been  made  known  to  as  in  the 
"  Memoirs/'  **  Beoords/'  and  <*  Paheontologia  Indica."  The  geologist 
in  this  country  will  perhaps  have  bat  a  vagoe  idea  of  the  work  that 
has  to  be  carried  on  in  order  to  intnpret  the  struotare  of  many  parts 
of  our  Indian  Empire.  Here  a  sling>bag  will  contain  all  oar  needfol 
apparatus,  and  we  oan  pursne  our  observations  over  every  acre  of 
land.  There  one  needs  to  be  accompanied  by  a  score  or  more  of 
servants,  including  a  native  doctor,  an  elephant,  bullocks,  horses, 
dogs,  and  all  the  materials  for  camp-life;  and  there  the  chief 
geological  sections  are  those  exhibited  in  the  river-ohannels.  Here 
the  structure,  arrangement,  and  life-history  of  our  great  groups  of 
rocks  are  well  ascertained,  and  we  are  now  entering  into  almost 
tedious  detail  and  controversy  in  the  naming  and  correlating  of  sub- 
divisions, often  but  a  few  feet  in  thickness.  Th^ie  the  majority  of 
sections  to  be  visited  have  been  unseen  by  geological  eyes,  the  rocks 
must  be  grouped  in  a  large  way,  and  the  boundaries,  that  may  often  be 
accurately  fixed  in  the  rocky  gorges  cut  out  by  the  streams,  must  be 
marked  across  large  tracts  of  country  in  accordance  with  the  physical 
features,  checked  only  by  traverses  here  and  there. 

In  the  work  before  us  Mr.  Ball  has  given  an  account  of  his  wander- 
ings during  a  period  of  fourteen  years,  while  engaged  on  the  Indian 
Geological  Survey.  The  account  is  made  up  of  the  notes  extracted 
in  chronological  order  from  his  Journals ;  and  they  relate  chiefly  to 
the  Zoology,  Botany,  and  Antiquities,  besides  which  are  not  a  few 
descriptive  of  the  various  tribes  of  men.  Mr.  Ball  is  an  accomplished 
naturalist  and  evidently  an  ardent  sportsman,  though,  whether  he 
would  or  not,  the  encounters  with  many  a  tiger  or  i)ear,  not  to  men- 
tion other  unfriendly  wanderers  and  visitants,  were  to  be  anticipated 
by  one  engaged  in  such  districts  as  Mr.  Ball  had  to  examine.  Snakes 
do  not  appear  to  have  been  so  troublesome  as  most  Europeans  would 
expect. 

The  field-work  of  the  Survey  in  Bengal  usually  commences  about 
November  and  lasts  until  the  end  of  April,  by  which  time  fever  too 
frequently  compels  a  speedy  return  to  Calcutta.  At  all  times, 
however,  attacks  of  fever  are  sources  of  anxiety,  and  Mr.  Ball  men- 
tions that  during  two  months  (November  and  December)  in  the 
Singhbhum  district,  out  of  twenty-seven  men,  only  three  escaped 
illness.  A  good  deal  of  his  attention  was  bestowed  upon  the  Coal- 
districts  ;  but  as  reports  of  all  the  explorations  have  been  published, 
Mr.  Ball  here  confines  himself  to  brief  and  general  notices  of  the 
geology.  In  the  Bokaro  Coal-field  he  mentions  one  seam  90  feet  in 
thickness  I  The  Ranigunj  Coal-iield,  known  as  early  as  1774,  and 
worked  a  few  years  later,  comprises  an  area  of  600  square  miles 
of  coal-bearing  rocks,  and  is  known  as  the  **  black  country "  of 
India,  being  the  largest  and  most  important  of  the  areas  in  which 
coal  is  woriced. 

Formerly  a  large  proportion  of  the  coal  was  obtained  by  quarries 

^  See  article  on  the  Geological  Surrey  of  India,  in  the  Quart.  Joum.  Seiencef 
Oct  1870,  p.  458. 
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and  open  workings,  but  most  of  the  seams  thus  acoessible  have  been 
exhausted,  and  regular  mining  is  now  carried  on.  None  of  the 
mines  are  of  great  depth,  the  *'  pillar  and  stall "  system  is  generally 
adopted,  and  there  is  no  danger  from  fire-  or  choke-damp.  Upwards 
of  500,000  tons  of  coal  have  been  obtained  in  one  year,  but  the 
annual  production  appears  to  be  decreasing.  Some  remarks  on  the 
Talchir  Goal-field  are  also  given. 

Many  notes  on  gold-mining,  on  workings  for  ores  of  iron,  copper, 
lead,  and  manganese,  and  for  diamonds,  are  included,  as  well  as 
others  upon  the  Metamorphic  and  Submetamorphic  rocks,  the  Trap- 
dykes,  and  other  geological  features.  Speaking  of  the  Tjaterite 
rock  seen  at  Midnapur,  Mr.  Ball  notices  the  fact  of  its  being  un- 
/ossiliferous,  and  observes  that  its  appearance  seemed  to  favour  the 
view  of  its  having  been  formed  by  the  deposition  of  volcanic  ash 
in  water. 

The  work  itself  will  be  read  rather  as  a  guide  to  the  natural 
bistory  of  oamp-life  in  India  than  as  an  exhaustive  account  of  the 
clistrict  described  (Western  Bengal  and  the  Central  Provinces),  for 
little  or  no  attempt  has  been  made  to  embody  the  records  of 
others,  the  plan  of  the  author  being  to  confine  himself  to  personal 
^observations.  Notes  are  also  given  of  visits  paid  to  the  Andaman 
^uid  Nicobar  Islands.  The  work,  which  has  assumed  a  formidable 
^ize,  is  one,  however,  that  appeals  to  the  naturalist  rather  than  the 
general  reader,  who  would  doubtless  find  the  scientific  notes  some- 
"^hat  tedious.  As  a  picture  of  the  life  of  our  geological  brethren  in 
^ndia,  it  will  interest  many  of  our  readers,  some  of  whom,  having 
^pent  many  months  in  out-of-the-way  parts  of  this  country,  will  not 
T)e  surprised  to  learn  that  carap-life  in  India  is  "at  times  a  very  dull, 
lonely,  and  monotonous  one." 

"  But    (as   Mr.   Ball    observes)    the    life    affords  various   com- 
X)ensations,  without  which  it  would  be  unbearable.     To  the  lover 
of  nature  there  are  many  attractions  in  it.     There  is  a  great,  an 
indescribable  pleasure  in  being  the  first  to  take  up  the  geological 
exploration  of  a  hitherto  quite  unknown  tract — in  being  the  first  to 
interpret  the  past  history  of  a  portion  of  the  earth's  crust  which  no 
geologist   has  ever  seen  before."     Nevertheless,  one  lacks  the  ad- 
vantage,  obtained    in    this    country,   of   friendly   recognition   and 
criticism  of  his  labours,  and  while  enthusiasm   in  his  work  will 
carry  a  man  through  it,  *•  Experience  has  shown  how  manifold  are 
the  risks  to  be  encountered,  while  the  term  of  service  at  present 
required,  before  a  full  pension  can  be  earned,  affords  but  a  faintly- 
seen  vision  in  the  far-distant  future  of  a  home  at  home  for  one  who 
has  adopted  the  career  of  a  geologist  under  the   Government  of 
India."     Some  attempts  have  been  made  to  instruct  natives  in  field- 
geology,  but  these  do  not  at  present  appear  to  have  been  successful. 
In  conclusion  we  may  mention  that  the  book  is  handsomely  "  got 
up "  and  is  accompanied  by  a  map,  eleven  vignettes,  and  twelve 
plates,  including  two   of  chipped   quartzite   implements,  polished 
celts,  etc.  H.  B.  W. 
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lY. — An  Abstbaot  or  ths  OsoLOcnr  or  India.    By  P.  H.  Dunoait, 
M.B.  (Loud.),  F.B.&,  F.G.8.    Third  Edifcioiu    (London,  1881.) 

THIS  work  is  ohiefly  intended  9m  a  text-book  for  the  Btodents  of 
the  geological  oUuM  at  the  Indian  Engineering  Crollege,  bat  the 
geologist  and  general  reader  will  find  it  also  a  clear  and  oonoiae 
abfitraot  of  the  present  established  ftots  in  Indian  geology,  and  a 
useful  summaiy  of  the  larger  and  more  detailed  Ifannal  by  Messrs. 
Medlioott  and  Blanford,  notioed  in  this  MAGAzmi  (February  and 
March,  1880).  The  present  edition  has  been  carefully  revised  by 
Pix)f.  Duncan,  and  contains  much  additional  matter  and  some 
alterations,  necessitated  by  the  publication  of  the  official  Manual 
above  referred  to,  and  from  which  excellent  book  the  author  fairly 
acknowledges  many  pages  of  his  abstract  are  derived.  India  may 
be  naturally  divided  into  three  regions,  the  Peninsular,  Extra- 
Peninsular,  and  Indo-Qangetic ;  the  distinctness  in  the  geological 
structure  and  physical  featnres.  of  the  two  former  is  very  marked, 
the  latter  is  a  vast  alluvial  plain,  due  to  a  depression  which  has  been 
more  or  less  filled  up  witn  the  alluvia  of  the  rivers  of  the  other 
regions  flowing  into  it  The  geology  of  these  three  regions  is 
described  in  a  series  of  chapters  commencing  with  the  recent 
deposits,  and  proceeding  in  descending  order  with  the  Tertiary, 
Cretaceous,  Jurassic  and  underlying  series,  followed  by  descriptions 
of  the  Peninsular  Coal-fields,  their  fauna  and  flora,  and  of  the  Azoic 
and  Metamorphio  rocks  of  the  two  regions.  The  work  will  be  a  useful 
guide  to  the  general  facts  of  Indian  geology,  as  regards  the  nature, 
character,  and  arrangement  of  the  crystalline,  metaraorphic,  and 
sedimentary  rocks  of  India.  Besides  classified  lists  of  the 
formations  of  Peninsular  and  Extra-Peninsular  India,  a  table  is 
given  showing  the  equivalents  (horaotaxially  considered)  of  the 
formations  compared  with  those  of  Europe.  J.  M. 
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Intebnational  Gvolooioal  Congress. 

IN  the  Geol.  Mao.  for  December,  1876  (Decade  11.  Vol.  III. 
p.  573),  attention  was  drawn  to  certain  proposals  made  for  the 
holding  of  an  International  G^logical  Congress  at  Paris  in  1878, 
whose  purpose  should  be  to  consider  the  many  obscure  points  in 
geological  classification  and  nomenclature.  The  Congress  was  duly 
arranged,  opened,  and  carried  on  for  six  days,  under  the  Presidency 
of  Prof.  Hebert.  At  the  concluding  sitting  it  was  resolved  that  a 
Second  Session  should  be  opened  at  Bologna,  September  29,  1881. 
His  Majesty  the  YAiifir  of  Italy  has  consented  to  be  Patron  of  the 
Congress,  and  Signer  Q.  Sella  has  been  nominated  President 

Two  principal  subjects  were  proposed  by  the  Congress  of  Paris 
for  discussion,  and  each  was  referred  to  an  International  Commission 
named  by  the  Congress ;  they  were  as  follows  :— - 

1.  Geological  Cartography:  to  consider  the  possibility  of  the 
adoption  of  a  common  system  of  signs  and  colours. 
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2.  Hie  Unification  of  Geological  Nomenclature  :  to  consider  all 
matters  relating  to  stratigraphical  olassification  and  nomenclature, 
and  80  far  involving  an  inquiry  into  the  value  and  8i<;p3iiicance  of 
petrological  and  palseontological  characters.  Prof.  T.  M'K.  Hughes 
was  ap]X)inted  the  Commissioner  on  the  Unification  of  Geological 
Nomenclature  for  Great  Britain,  and  he  was  requested  to  organize  a 
Committee  to  report  upon  the  different  Geological  subdivisions,  and 
on  the  various  details  bearing  upon  the  questions  of  classification  and 
nomenclature.  Acting  in  conjunction  with  Prof.  Prestwich,  he  has 
aooordingly  formed  a  Committee  which  has  met  on  several  occasions 
in  London. 

The  matters  at  present  discussed  have  been  the  definition  of  the 
terms: — System,  Formation,  Terrane,  Deposit,  Bed,  Layer,  Rock, 
Group,  Series,  Zone,  Horizon,  Period,  Age,  Epoch,  Era,  Time,  Cycle, 
Date,  etc.  The  organization  of  Sub-committees  has  also  been  carried 
on,  and  one  or  more  Reporters  have  been  attached  to  each  (after  the 
plan  adopted  by  Committees  of  the  British  Association),  to  collect 
the  information  from  the  several  members  composing  it,  and  to  draw 
up  the  Reports.  The  following  Reporters  were  appointed  : — Com- 
mittee to  consider  Recent  and  Tertiaryj  J.  Starkie  Gardner  and 
H.  B.  Woodward  ;  Cretaceous^  W.  Topley  and  A.  J.  Jukes- Browne  ; 
Jurassic,  W.  H.  Hudleston  and  the  Rev.  J.  F.  Blake  ;  Trias  and 
Permian,  C.  E.  De  Ranee  and  the  Rev.  A.  Irving ;  Carhoniferow, 
Devonian,  and  Old  Red  Sandstone,  G.  H.  Morton  and  A.  Strahan; 
SUurian,  Cambrian  and  Pre- Cambrian,  C.  Lap  worth  and  J.  E.  Marr; 
Petrology  and  Mineral  Veins,  H.  Bauerman  and  T.  Davies. 

The  duty  of  the  Sub-committees  will  be  (1)  To  draw  up  a  list  of 
the  names  now  in  use  for  each  formation,  and  for  its  subdivisions ; 
(2)  To  ascertain  the  true  significance  of  such  names  or  terms,  giving 
reference  to  the  authors  by  whom  tliey  were  used  in  the  first  instance, 
or  subsequently  with  a  modified  meaning;  (3)  To  investigate  the 
synonymy  of  the  names,  firstly  in  regard  to  the  British  rocks,  and 
afterwards  in  regard  to  equivalent  beds  in  foreign  countries ;  (4)  To 
offer  suggestions  for  the  unification  of  the  Nomenclature. 

Through  the  liberality  of  His  Majesty  the  King  of  Italy,  the 
Italian  committee  of  organization  are  able  to  offer  a  prize  of  5000 
francs  for  the  best  suggestion  for  an  international  scale  of  colours 
and  conventional  signs  practically  applicable  to  geological  maps  and 
sections,  including  those  of  small  scale.  The  index  of  colours  and 
eigns  should  be  accompanied  by  maps  representing  regions  of  varied 
geological  structure,  and  by  an  explanatory  memoir  in  the  French 
language.  The  documents  should  be  marked  with  a  motto,  which 
should  be  placed  on  the  outside  of  an  envelope  containing  the  name 
of  the  author,  which  will  not  be  opened  until  the  Congress,  when 
the  name  of  the  successful  competitor  will  be  made  known.  The 
index  and  accompanying  papers  should  be  sent  in  to  Prof.  J. 
Oapellini,  Director  of  the  Museum  at  Bologna,  by  the  end  of  May. 
The  award  will  be  made  by  a  jury  of  five  chosen  from  the  presidents 
of  sub-commissions.  Should  no  index  be  thought  worthy  of  the 
grand  prize,  the  best  will  receive  a  gold  medal  of  the  value  of  1000 
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francs,  while  the  two  next  will  be  given  medak  of  sQver  and  bronze 
of  similar  shape.' 

Oeolooioal  Socmrr  of  Lovdov. 

I.— Maroh  23, 1881.— Bobert  Etheridge,  Esq.,  F.B.S.,  Presidanit 
in  the  Chair. — The  following  oommanications  were  read  : — 

1.  "The  Upper  Qreensands  and  Ghloritio  Marl  of  the  Isle  of 
Wight."    By  C.  Parkinson,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  Upper  Ghwensand  as  ex- 
posed at  St.  Lawrence  and  along  the  Underdiff.  At  the  base  of  the 
St  Lawrence  cliff  there  are  hard  bands  of  Une  chert,  from  which 
astaciform  Crustaoea  have  been  obtained  ;  and  quite  recently,  in 
a  large  boulder  of  the  same  material  lying  on  the  beach,  there  were 
found  the  remains  of  a  Chelonian,  referred  by  Prof.  Owen  to  the 
fdmily  Paludinosa,  and  named  by  him  PlaBiremyB  laia.  The 
presence  of  these  freshwater  organisms  was  thought  to  imply 
a  connexion  with  the  Wealden  continent.  The  ohert-bed,  2  feet 
thick,  was  regarded  by  the  author  as  marking  the  boundazy  between 
the  Gault  and  the  Greensand.  Above  it  the  author  described 
56  feet  of  compact  red  and  yellow  sands,  of  which  the  first 
20  feet  are  un-fossiliferous,  the  upper  32  feet  show  traces  of  organic 
remains;  between  them  there  is  a  fossiliferous  zone  4  feet  in 
thickness,  containing  Ammonites  inflatus,  A.  avritus,  and  species 
of  Fanopcea,  CuculloBa,  Area,  and  Trigonia,  and  immediately  below 
this  a  separate  band  containing  an  undetermined  species  of  Ammonite. 
These  sands  are  followed  by  38  feet  of  alternate  beds  of  hard  chert 
and  coarse  greensands,  having  at  the  bottom  6  feet  of  inferior 
building-stone,  surmounted  by  5  feet  of  freestone.  The  latter  con- 
tains Ammonites  rostratvs,  and  the  cherts  various  fossils,  chiefly 
bivalves.  Clathraria  LyelU  also  occurs  at  this  level.  Above  the 
greensands  come  6  feet  of  chloritic  marl  : — the  upper  3^  feet 
fossiliferous,  with  a  base  of  hard  phosphatic  nodules  containing 
crushed  specimens  of  Pecten  asper ;  the  lower  2^  feet  compact,  with 
darker  grains  and  few  fossils.  The  author  compared  the  sections  of 
this  series  given  by  Capt  Ibbetson  and  Dr.  Barrois ;  his  own  views 
closely  correspond  with  those  of  the  latter  writer. 

2.  "  On  the  Flow  of  an  Ice-sheet,  and  its  Connexion  with  Glacial 
Phenomena."     By  Clement  Beid,  Esq.,  F.G.S. 

The  author  considers  that  the  Boulder-clays  have  been  formed 
beneath  an  ice-sheet,  and  consequently  there  must  have  been 
formerly  a  huge  mass  of  ice,  which  would  have  to  flow  600  miles 
on  a  nearly  level  surface,  and  then  to  ascend  a  gentle  slope  for  nearly 
another  100  miles.  He  does  not  think  a  great  piling  up  of  the  ice 
at  the  north  pole  can  be  assumed  to  account  for  this  motion.  This 
he  explains  by  the  gradual  passage  of  the  earth's  heat  through  the 
mass  of  ice,  raising  the  temperature  of  the  whole  instead  of  lique- 
fying the  surface-layer.     As  the  heat  passes  upwards,  it  raises  the 

'  This  last  paragraph  we  extract  from  an  article  in  '*  Nature,* '  March  8l8t,  1881, 
by  Mr.  De  Biuice. 
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temperatare  of  a  particular  layer,  causes  it  to  expand,  and  so  to  put 
a  strain  upon  the  layer  above,  and  then  to  rupture  it.  The  broken 
part  spreads  out,  reunites  by  regelation,  and  then  receiving  the  heat 
from  the  layer  below  again  expands  and  ruptures  the  layer  next 
above.  Thus  the  movement  is  from  the  base  upwards,  rather  than 
from  the  surface  downwards. 

The  author  estimates  that  the  ice-sheet  in  Norfolk  was  only  about 
400  feet  thick,  because  Boulder-clay  does  not  appear  above  that 
level,  but  only  coarse  Boulder-clay ;  in  North  Yorkshire  it  extends 
up  to  about  900  feet.  The  author  considers  that  the  shell-beds  of 
Moel  Tryfaen  were  not  deposited  under  water,  but  thrust  up-hill  by 
this  advancing  ice-sheet 

3.  "  Soil-cap  Motion."  By  R.  W.  Coppinger,  Esq.  Communicated 
by  the  President. 

The  author  described  numerous  cases  in  Patagonia  where  the 
stamps,  etc.,  of  trees  are  to  be  seen  in  the  marginal  waters  of  the 
sea  and  of  lakes.  These,  together  with  stones  and  rocks,  sometimes 
simulating  perched  blocks,  he  considers  to  have  been  brought  down 
by  the  motion  of  the  soil-cap — a  thick  spongy  mass  resting  upon 
iXKjk  often  worn  smooth  by  the  action  of  ice,  and  so  sliding  down 
the  more  easily  under  the  influence  of  vegetation.  The  appearances 
are  not  unlike  those  due  to  subsidence ;  but  he  points  out  that  all 
the  evidence  is  in  favour  of  recent  upheaval,  instead  of  subsidence. 


IT.— April  6,  1881.— J.  W.  Hulke,  Esq.,  F.R.S.,  Yice-President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  **  The  Microscopic  Characters  of  the  Vitreous  Rocks  of  Montana, 
U.S."  By  F.  Riitley,  Esq.,  F.G.S.  With  an  Appendix  by  James 
Eccles,  Esq.,  F.G.S. 

The  specimens  described  were  collected  by  Mr.  J.  Eccles,  F.G.S. 
They  consist  of  various  obsidians  and  rhyolites,  some  of  them 
porphyritic  or  spherulitic,  which  appear  to  throw  some  light  on  the 
epoch  at  which  these  structures  have  been  set  up.  In  a  black 
porphyritic  obsidian  is  a  crystal  which  the  author  believed  to  be 
olivine.  Zirkel  has  already  noticed  the  occurrence  of  this  mineral 
in  a  trachyte.  The  structure  of  some  of  the  above  indicates  that  it 
is  extremely  difficult  to  draw  hard  and  fast  lines  between  trachytic 
rhyolites  and  felstones.  A  tuff  containing  fragments  of  a  rhyolite, 
some  perlitic,  was  also  described.  The  spaces  included  within  the 
boundary  of  some  of  these  perlitic  cracks  exhibit  depolarization  and 
sometimes  interference-crosses.  The  author  considered  these  to  be 
the  result  of  strain  in  contraction,  and  connected  with  incipient 
crystallization. 

Andesites,  from  two  localities  in  the  northern  part  of  the  Yellow- 
Btone  district,  were  also  described. 

In  an  appendix  Mr.  Eccles  briefly  described  the  geology  of  the 
region  from  which  the  above  specimens  were  collected,  referring  for 
greater  detail  to  the  memoirs  of  Dr.  Hayden  and  his  fellow-workers, 
la  the  Yellowstone-Park  region  trachyte  and  obsidian  (the  latter 
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being  the  upper)  fonn  an  irregolar  plateau.  leating  on  rocks  of 
Carboniferous  age ;  no  vents  were  observed ;  but  Mount  Washbume» 
a  few  miles  distant,  is  a  broken-down  voloanio  cone,  from  which 
both  traohyte-  and  basalt-flows  (the  latter  the  newer)  have  proceeded. 

2.  '*  On  the  Mioroscopio  Structure  of  Devitrified  Bocks  from 
Beddgelerty  Snowdon,  and  Skomer  Island.^*  By  F.  Butley,  Esq., 
F.G.S. 

The  first  specimen  described  was  found  about  a  quarter  of  a  mile 
from  Beddgelert»  on  the  Oapel  Curig  road.  Examined  microscopi- 
cally, it  showed  traces  of  perlitic  structure,  ¥dth  small  spherulites» 
both  isolated  and  in  bands,  not  exhibiting  radial  structure,  but 
apparently  composed  of  very  minute  chlorite  and  a  garnet,  probably 
spessartine.  Hence  the  rock  must  be  a  devitrified  obsidian  or 
pitchstone.  The  second  specimen  is  a  banded  greenish-grey  **fel- 
stone/'  at  Clogwyn  du*r  Aiddu,  of  Bala  age,  which  also  has  probably 
been  vitreous.  The  third  specimen,  from  near  Pont  y  Gromlech,  is 
a  schistose  felsitic  rock.  This  wa»  compared  microscopically  with 
an  obsidian  from  Hungary  and  a  rhyolite  from  Gardiner's  River 
(N.  America),  and  was  shown  to  have  been  probably  once  a  glassy 
rock.  In  conclusion  the  author  discussed  the  limits  of  the  terms 
felstone,  rhyolite,  trachyte,  and  obsidian. 

An  appendix  was  added  upon  the  microscopic  characters  of  some 
rocks  from  Skomer  Island,  off  the  coast  of  Pembrokeshire.  These 
were  shown  to  be  devitrified  obsidians,  some  of  them  exhibiting 
spherulitio  and  perlitic  structures.  A  trachytic  rook  and  a  basalt 
from  the  same  locality  were  also  described. 

3.  *'  The  Date  of  the  last  Change  of  Level  in  Lancashire."  By 
T.  Mellard  Reade,  Esq.,  C.E,  F.G.S. 

The  author  described  some  observations  made  by  him  at  Blundell- 
sands,  on  the  coast  of  Lancashire,  near  Liverpool,  according  to  which, 
judging  from  the  position  of  high- water  mark,  the  land  had  gained 
considerably  upon  the  sea  between  1866  and  1874.  At  one  end  of 
a  length  of  350  yards,  spring- tide  high- water  mark  had  receded 

15  yards,  and  at  the  other  end  5  yards.  The  author  estimated  that 
the  deposit  of  sand  that  had  accumulated  in  8  years  amounted  to 
an  average  of  10  yards  wide  and  2  yards  deep.  Allowing  a  further 
depth  of  1  yard  for  sand  that  may  have  been  blown  over  the  top,  he 
finds  10,500  cubic  yards  as  the  quantity  of  sand  deposited  in  8  years 
on  a  shore-frontage  of  350  yards,  or  3*75  cubic  yards  per  yard  of 
frontage  per  annum.     Applying  this  nnit  of  measurement  to  the 

16  miles  of  coast  forming  the  western  boundary  of  the  deposit,  he 
gets  105,600  cubic  yards  as  the  quantity  of  sand  annually  moved ; 
22  square  miles  of  sand,  12  feet  thick,  give  272,588,800  cubic  yards 
of  sand  accumulated,  which,  divided  by  the  annual  quantity,  will 
give  2580  years  as  the  age  of  the  whole  deposit  of  blown  sand.  The 
author  adduced  other  evidence  in  support  of  his  view,  and  concluded 
that  if  the  last  change  of  level  in  South-west  Lancashire  was  a 
downward  one,  it  could  not  have  taken  place  within  2500  years. 
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THE  PRE-CAMBRIAN  ROCKS  OF  ST.  DAVIDS  AND  OF  BOHEMIA. 

Sib, — I  cannot  find  that  the  letter  of  Dr.  Hicks  in  your  last  issue 
materially  strengthens  the  proof  for  the  Dimetian  age  of  the 
gneissic  series  which  underlies  the  Bohemian  Pehidian.  Dr.  Hicks 
maintains  that  the  St  Davids  Dimetian  is  a  true  gneiss.  I  cannot 
of  conrHe  say  that  the  rock  in  the  few  sections  which  I  did  not  see 
is  not  foliated ;  but  I  saw  no  true  foliation  in  the  princii)al  localities 
named  in  his  papers,  and  I  cannot  discover  anything  about  foliation 
in  the  microscopic  descriptions  of  Mr.  T.  Davies,  Prof.  Bonney,  and 
Mr.  Tawney.  It  is  at  any  rate  certain  that  if  these  rocks  are  schists, 
their  foliated  structure  is  of  the  obscurest  possible  character,  and 
quite  unlike  that  of  the  true  gneisses. 

I  quite  agree  with  Dr.  Hicks  that  we  are  not  to  expect  **  absolute 
identity,"  but  I  deny  that  there  is  even  a  "  general  resemblance " 
between  the  Dimetian  of  St.  Davids  and  the  gneissic  rocks  of 
Bohemia,  so  far  as  we  can  judge  from  Mr.  Marr*8  descriptions.  Nor 
do  I  think  that  a  similarity  of  the  conditions  of  deposit,  even  if 
proved,  goes  for  much.  I  presume  that  most  arenaceous  rocks,  from 
the  Tertiary  downwards,  were  laid  down  in  comparatively  shallow 
water. 

That  the  Bohemian  gneiss  unconformably  underlies  the  Pebidian, 
simply  proves  that  it  is  pre-Pebidian.  I  do  not  deny  its  Dimetian 
age :  indeed,  I  think  it  highly  probably  tliat  Mr.  Marr  is  right ;  but, 
as  we  do  not  yet  know  how  many  gneissic  series  lie  below  the 
Cambrian,  I  demur  to  the  assumption  that  any  Archsean  gneiss  group 
which  is  not  Lewisian  must  be  Dimetian.  Any  resemblance  to  the 
newer  gneiss  of  the  Highlands  can  have  no  decisive  value  in  our 
present  uncertainty  of  the  acje  of  that  formation.  These  Archaean 
groups  are  a  very  complicated  study,  and  more  haste  may  sometimes 
prove  to  be  the  worse  speed.  The  researches  of  Dr.  Hicks  have 
done  much  towards  unravelling  the  Archaean  mystery,  but  we  must 
work  along  our  clues  with  great  caution,  else  we  shall  become  the 
sport  of  the  Philistines  who  would  condemn  us  to  grind  in  the 
prison-house  of  an  eternal  Siluria.  C.  Callaway. 

Wellixoton,  Salop,  March  5thj  1881. 

OBLIQUE  AND   ORTHOGONAL  SECTIONS. 

Sib, — In  my  short  notice  about  the  section  of  a  folded  plane  there 
is  an  error  which  Mr.  Day  has  not  pointed  out.  I  did  not  expect 
that  what  I  had  written  would  have  attracted  attention ;  but  since  it 
has  done  so,  1  may  ask  to  be  allowed  to  say,  in  the  sixth  line  from 
the  bottom  of  p.  21,  dele  "  =d,"  and  in  the  fifth,  for  "0"  read 

*'EilB=d  suppose." 

I  cannot  exactly  see  that  Mr.  Day's  proof  gives  my  second  equation, 
hecause  his  a,  ^,  and  (f>  do  not  appear  to  be  the  same  angles  as  in 
my  demonstration. 

The  method  of  the  shadow  is  ingenious  and  of  course  correct 
Haklton,  4th  March,  1881.  0.  FiSHKB. 
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JOHN  J.  BIGSBY,  M.D.,  F.R.S.,  F.Q.S.,  F.R.Q.S. 

BoBM  Aug.  14th,  1792 ;  Died  Feb.  10th,  1881. 

Dr.  J.  J.  BiGSBT  was  the  son  of  J.  Bigsby,  Esq.,  M.D.,  Edinbni^h. 
He  was  bom  at  NottiDgham,  on  the  14th  August,  1792,  and  early 
followed  the  career  of  his  father  by  entering  the  Medical  Profession, 
and  shortly  after  taking  his  degree,  he  was  appointed  about  1818 
as  Medical  Officer  to  a  German  Bifle  Begiment  in  the  English  Service 
and  ordered  to  Canada.  Soon  after  his  arrival  he  was  sent  by  the 
Governor  to  Hawkesbury  Settlement,  where  there  had  been  an  out- 
break of  typhus  fever.  In  the  following  year  the  more  agreeable  task 
was  assigned  to  him  of  travelling  through  Upper  Canada  to  report 
upon  its  Geology.  A  part  of  the  collections  he  then  made  are  still  pre- 
served in  the  British  Museum,  not  the  least  interesting  of  which  are 
the  curious  siphuncles  of  Huronia  Bigshyi,  from  Druramond's  Island, 
Lake  Huron.  About  the  year  1822  he  was  appointed  British 
Secretary  and  Medical  Officer  to  the  Canadian  Boundary  Commission. 
In  1823  he  was  elected  a  Fellow  of  the  Greological  Society  of 
London,  to  whose  Transactions  he  had  already  been  a  contributor. 

Dr.  Bigsby  returned  to  England  about  1827,  and  commenced  to 
practise  as  a  medical  man  at  Newark.  In  1846  he  came  to  reside  in 
the  metropolis,  and  from  that  date  identified  himself  with  most  of 
the  scientific  societies  in  London.  In  1850  he  published  the  account 
of  his  experience  of  life  and  travel  in  North  America,  under  the 
title  of  "  Shoe  and  Canoe." 

His  first  scientific  paper  appeared  in  Silliman's  American  Journal 
in  1820,  and  he  contributed  altogether  about  twenty-seven  papers  to 
learned  societies  in  London  and  elsewhere.  His  most  important 
scientific  work  appeared  in  1868,  entitled  "Thesaurus  Silnricus," 
being  a  list  of  all  the  fossils  which  occur  in  the  Silurian  formation 
throughout  the  world.  He  was  elected  a  Fellow  of  the  Royal 
Society  in  the  following  year,  and  was  awarded  the  Murchison 
Medal  in  1874  by  the  Council  of  the  Geological  Society. 

In  1878  he  published  his  second  catalogue,  entitled  "  Thesaurus 
Devonico-Carboniferus,"  and  at  the  time  of  his  death  had  far  ad- 
vanced towards  the  completion  of  his  third  volume,  the  "  Thesaurus 
Permianus." 

In  1876  he  requested  the  Geological  Society  to  accept,  in  trust,  a  sum 
of  money  to  provide  a  medal  to  be  called  the  "  Bigsby  Medal,"  and  to 
be  awarded  biennially  to  some  geologist  not  more  than  forty -five  years 
of  age  of  any  nationality ;  Prof.  Marsh,  Prof.  Cope,  and  Dr.  Barrois 
having  been  up  to  this  time  the  three  recipients.  Dr.  Bigsby  died 
at  his  residence,  89,  Gloucester  Place,  Portman  Square,  at  the  good 
old  age  of  89  years. 

PROFESSOR  JAMES  TENNANT,   F.G.S.,    F.C.S., 

Born  1808;    Dibd  February  23rd,  1881. 

During  the  earlier  part  of  the  present  century  the  science  of 
Mineralogy  had  no  more  claim  to  be  considered  one  of  the  exact 
sciences   than  has   Geology  at   the  present  day.      To  be  able   to 
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identify  minerals  ''  at  sight,"  and  to  test  them  by  their  hardness, 
lustre,  form,  and  weight,  represented  the  common  extent  of  a  collec- 
tor's acquirements.  But  few  understood  the  use  of  a  goniometer, 
and  not  many  could  use  the  blowpipe,  or  correctly  make  an  analysis 
of  a  mineral  in  this  country.  It  was  young  James  Tennant*8  lot  to 
come  to  Lfondon  at  an  early  age,  and  enter  the  service  of  Mr.  Ma  we,  the 
well-known  Mineralogist,  whose  shop  was  a  centre  of  resort  for  men 
of  science.  The  stock-in-trade  consisted  of  shells,  minerals,  marbles, 
etc.,  most  of  which  Mr.  Mawe  obtained  during  his  frequent  travels. 
Here  Tennant  gained  his  first  acquaintance  with  minerals.  The 
classes  of  the  Mechanics'  Institution  which  he  joined,  and  attendance 
on  Faraday's  lectures  at  the  Royal  Institution,  improved  his  educa- 
tion, and  enlarged  his  scientific  knowledge  of  the  specimens  in 
which  his  master  dealt  At  Mr.  Mawe's  death,  the  management  of 
the  business  devolved  upon  Tennant,  who  shortly  after  succeeded  to 
it  as  proprietor. 

He  derived  much  advantage  from  the  friendsliip  of  Sir  Everard 
Home,  whose  knowledge  of  crystals  enabled  him  to  impart  much 
valuable  information  to  Tennant. 

When  King's  College  opened  in  the  Strand,  the  Council  desired  a 
teacher  in  Mineralogy,  and  applied  to  Faraday  for  his  nomination  of 
a  fit  person ;  his  recommendation  was  in  favour  of  Mr.  Tennant, 
who  shortly  after  his  appointment  received  the  title  of  **  Professor  of 
Mineralogy."  The  new  position  opened  a  wider  field  of  usefulness 
and  of  interesting  study.  His  after-life  was  devoted  to  the  diffusion 
of  knowledge  relating  to  mineralogy  and  geology,  and  many  of  the 
students  who  attended  his  lectures  proved  that  lie  had  not  taught  in 
vain  by  turning  out  to  be  useful  collectors  and  observers  of  minerals 
abroad.  He  was  one  of  the  strong  promoters  and  believers  in  the 
discoveries  of  Diamonds  in  South  Africa,  at  a  time  when  others 
denied  their  genuineness. 

Professor  Tennant  was  a  very  ardent  advocate  of  technical  educa- 
tion, and  having  seen  the  valuable  application  of  the  lathe  in  cutting 
both  diamonds  and  other  valuable  stones  and  marbles,  he  induced 
the  Turners'  Company  to  promote  the  advancement  of  turning,  by 
offering  prizes  annually  for  specimens  in  all  branches  of  the  turner's 
art.  Great  credit  is  due  to  Prof.  Tennant  for  the  revival  of  this  branch 
of  technical  education  as  applied  to  ornamental  work  of  all  kinds 
and  materials. 

He  was  one  of  the  founders  of  the  Geologists'  Association,  of 
which  body  he  was  formerly  President.  He  was  also  for  several 
years  a  member  of  the  Council  of  the  Geological  Society  of  London. 


SIR    PHILIP    DE    MALPAS   GREY-EGERTON,   BART.,   M.P.,   F.R.S.,   F.G.8., 

OF  OULTON   PARK,   TARPORLBY,   CHESHIRE. 

Born  Nov.   13th,  1806  ;    Died  April  6th,  1881. 

Another  distinguished  name  has  been  erased  by  death  from  the 
list  of  Fellows  of  the  Geological  Society.  Sir  Philip  Egerton  was 
the  eldest  son  of  the  Rev.  Sir  Philip  Grey-Egerton,  by  his  wife 
Eebecca,  youngest  daughter  of  the  late  Josias  Dupre,  Esq.,  of  Wilton 
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Park,  Books ;  he  was  edaoated  at  Bton  and  Christ  Chardh,  Oxford, 
graduating  B.A.  in  1828.  Having  studied  geology  under  Conybeare 
and  Buokland,  together  with  the  Eaxl  of  Enniskillen,  he  made  a 
lengthened  geological  tour  with  that  nobleman  through  Germany, 
Switzerland,  and  Italy.  About  this,  time  he  became  acquainted 
with  Professor  L.  Agassiz,  at  Neufchatel,  and  commenced  the  forma- 
tion of  a  grand  collection  of  Fossil  Fishes,  both  from  British  and 
Foreign  localities.  A  large  number  of  the  types  of  Agassiz's  Mono* 
graph  on  the  <<  Fossil  Fishes  of  the  Old  Red  Sandstone  "  (published 
in  1844)  are  to  be  found  in  theEnniskillen  and  Egerton  OoUections, 
as  also  of  specimens  described  and  figured  in  the  Decades  and 
Memoirs  of  the  G^logical  Survey,  the  Quart.  Joum.  GFeoL  Soo.,  the 
Geolooioal  Maoazimi,  etc.  He  entered  Parliament  in  1830  as 
Member  for  Chester,  and  he  afterwards  represented  the  Southern 
and  Western  Divisions  of  Oheehize  since  18di5. 

He  was  senior  elected  Trustee  of  the  British  Museum,  and  one 
of  the  Original  Trustees  of  the  British  Association,  and  of  the 
Boyal  (College  of  Surgeons  of  London,  and  a  Member  of  the  Senate 
of  the  University  of  London. 

He  was  elected  a  Fellow  of  the  Geological  Society  in  1829,  and 
of  the  Boyal  Society  in  1831,  to  the  Pro^edings  of  both  which  he 
has  been  a  frequent  contributor. 

Having  been  almost  always  a  Member  of  the  Council  of  the 
former  Society,  an  opportunity  only  occurred  to  award  him  the 
Wollaston  Medal  in  1873.  The  first  Eingsley  Medal  was  also 
presented  to  him  in  1878,  by  the  Chester  Natural  History  Society, 
in  recognition  of  his  valuable  services  in  promoting  the  objects  of 
that  Society. 

During  the  long  period  which  he  served  as  a  Member  of 
Parliament,  although  not  distinguished  in  debate,  he  was  never- 
theless one  of  the  hardest  workers  in  Committees  of  the  House,  and 
whether  as  a  naturalist,  or  antiquary,  a  field-sportsman,  or  country 
gentleman,  he  was  always  thoroughly  in  earnest  in  all  he  undertook. 

His  career  was  an  eminently  useful  and  practical  one,  and  his 
loss  in  the  world  of  science,  as  well  as  of  politics,  will  be  keenly 
felt;  but  most  severely  by  the  circle  of  his  most  intimate  friends 
who  had  grown  to  know  and  value  him  for  his  private  character, 
and  the  noble  example  he  set  as  a  thorough  and  upright  English 
gentleman. 

He  worthily  did  honour  to  the  motto  of  his  ancient  house : — 

*'  I  tnifit  not  in  arms  bnt  in'  Tiiiae." 


A  Deep  Coal-Mink. — It  is  interesting  to  record  a  triumph  of 
engineering  skill  and  perseverance.  On  Saturday,  March  6th,  at  the 
Ashton  Moss  Colliery,  in  Lancashire,  the  main  seam  of  coal  was  cut 
at  the  depth  of  2691  feet.  This  is  the  deepest  pit  in  the  United 
Kingdom,  Eose  Bridge  Colliery,  which  was  the  deepest  previous  to 
this  sinking,  being  only  2460  feet  The  temperature  in  the  Ashton 
Moss  Colliery  at  860  yards  was  78^  Fahr. — Athenaum,  March  19. 
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L— SUBSIDSNOS  AND  ElEYATION,  AND  ON  THE  PeBMANENGE  OF  OOEANS. 

By  J.  Starkib  Gardner,  F.G.S. 

[E  theory  of  permanent  Continents  and  Oceanio  basins,  opposed 

i.    as  it  is  to  the  general  teaching  of  text-books,  seems  to  have 

given  rise  to  oomparatively  little  discussion.     In  the  latest  edition, 

for  instance,  of  Ly ell's  Principles,  we  read :  "It  is  not  too  much 

to  say  that  every  spot  which  is  now  dry  land  has  been  sea  at  some 

former  period,  and  every  part  of  the  space  now  covered  by  the 

deepest  ooean  has  been  land."    The  new  theory  has  been  upheld 

chiefly  by  Sir  Wyville  Thomson,  Prof.  Geikie  and  Mr.  Wallace. 

The  latter  especiaUy  has  collected  every  kind  of  evidence  together 

that  seems  to  support  it  in  his  latest,  and  most  admirable  work, 

"Island  Life."    By  a  process  of  reasoning,  supported  by  a  large 

array  of  facts  of  different  kinds,  he  an'ives  at  the  conclusion  that 

the  distribution  of  life  upon  the  land,  as  we  now  see  it,  has  been 

accomplished  without  the  aid  of  important  changes  in  the  relative 

positions  of  continents  and  seas.     Yet  if  we  accept  his  views,  we 

must  believe  that  Asia  and  Africa,  Madagascar  and  Africa,  New 

Zealand  and  Australia,  Europe  and  America,  have  been  united  at  some 

period  not  remote  geologically,  and  that  seas  to  the  depth  of  1000 

fathoms  have  been  bridged  over ;  but  we   must  treat  as  '*  utterly 

gratuitous,  and  entirely  opposed  to  all  the  evidences  at  our  command," 

the   supposition   that   temperate   Europe  and    temperate   America, 

Australia  and  South  America,  have  ever  been  connected,  except  by 

way  of  the  Arctic  or  Antarctic  Circles,  and  that — lands  now  separated 

by  seas  of  more  than  1000  fathoms  depth  have  ever  been  united. 

Mr.  Wallace,  it  must  be  admitted,  has  succeeded  in  explaining 
the  chief  features  of  existing  life  distribution,  without  bridging 
the  Atlantic  or  the  Pacific,  except  towards  the  Poles,  yet  I  cannot 
help  thinking  that  some  of  the  facts  might  perhaps  be  more 
easily  explained  by  admitting  the  former  existence  of  the  connexion 
between  the  coast  of  Chili  and  Polynesia  and  Great  Britain  and 
Florida,  shadowed  by  the  sub-marine  banks  which  stretch  between 
them.  Nothing  is  urged  that  renders  these  more  direct  connexions 
impossible,  and  no  physical  reason  is  advanced  why  the  floor  of 
the  Ocean  should  not  be  upheaved  from  any  depth.  The  route  by 
which  the  floras  of  South  America  and  Australia  are  supposed 
to  have  mingled  is  beset  by  almost  insurmountable  obstacles,  and 
th^  apparently  sudden  arrival  of  a  number  of  sub-tropical  American 
plants  in   our  Eocenes,  necessitates  a  connexion  more  to  the  south 
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than  tli6  prenent  1000-&thom  line.    Again,  the  geolc^eal 

as  I  have  "pointed  out  in  the  Popular  Soienoe  Beview,  is  far  from 

being  bo  &vourable  to  Mr.  Wallaoe*a  view,  aa  he  auppoeed* 

Apart  from  the  regions  of  leas  depth,  which  I  think  may  have 
been  more  or  less  land  during  the  Tertiary  period,  there  ia  some 
reason  to  believe  in  the  general  permanenoe  of  the  Oopans  over  the 
areas  where  they  are  now  deepest  It  is  perfectly  certain  that  the 
causes  which  lead  to  elevation  and  subsidenoe  must  react  upon  each 
other,  and  if  these  were  exclusively  the  result  of  shrinkage,  there  would 
be  no  reason  why  the  sea-bottom  at  the  greatest  depths  should  not 
have  come  to  the  surface.  With  a  layer  ftmd  under  a  given  preBswre^ 
resting  vpan  eoUd^  and  eeneiiive  to  any  increase  or  decrease  ofpressure^ 
the  chief  effects  of  elevation  and  s^bsidenee  cotdd  he  exfiained.^ 

Many  persons  have  been  struck  with  the  almost  univmal 
tendency  to  depression  exhibited  in  areas  occupied  by  deltas  and 
estuaries.  This  fact  has  frequently  been  alluded  to  in  the  Gxolo* 
GiOAL  Maoazins,  and  elsewhere,  and  has  been  most  clearly  ex- 
pressed by  Dr.  Charles  Bicketts,"  that  this  subsidence  is  directly 
produced  by  the  accumulation  of  sediment.  However  insignificant 
some  cause  must  initiate  movement  in  the  earth's  crust,  and  as  an 
incautious  shout  may  bring  down  an  avalanche,  so  even  an  accumu- 
lation of  a  few  feet  of  clay  over  several  square  miles  may  create  a 
disturbing  re-adjustment,  and  eventually  lead  to  a  downward  tendency. 
Supposing  a  sediment,  50  feet  in  depth  and  entirely  submerged,  to 
have  displaced  an  equivalent  of  sea-water,  we  should  have  an  in- 
creased pressure  per  square  yard  (taking  the  mean  density  of  the 
materials  composing  a  delta  at  170  lbs.  per  cubic  foot)  of  rather  more 
than  25,000  lbs.,  or  about  34,848,000  tons  per  square  mile.  When 
we  see  that  deltas  have  accumulated  to  depths  of  perhaps  even 
beyond  1000  feet,  and  extend,  as  in  the  Mississippi,  to  19,450  square 
mUes,  it  is  easy  to  realize  how  vast  a  force  is  present^ 

The  hypothesis  that  added  weight  leads  to  subsidence  may  also 
to  some  extent  be  sustained  by  the  continuous  depression  of  Coral 
Islands.  Great  accumulations  of  ice  in  the  Glacial  period  seem  to 
have  been  accompanied  by  subsidence,  and  even  Greenland  at  the 
present  day  may  be  sinking  under  its  ice-cap. 

To  apply  the  theory  to  a  wider  field,  we  frequently  observe  signs 
of  subsidenoe  on  the  sea-coast  We  meet  on  every  shore  with 
vestiges  of  submerged  land  vegetation  and  with  traditions  of  sub- 
mergence since  historic  times.  Though  raised  beaches  exist,  it 
should  be  remembered  that  these  are  local  and  always  rendered  con- 
spicuous, while  depressed  beaches  seldom  or  never  attract  attention. 
Forests  have  been  depressed  beneath  the  sea-level  and  no  trace 
of  them  has  ever  come  to  light,  except  at  low  spring- tides  and  in 

^  According  to  Lyell,  all  known  rocks  would  fuse  under  a  pressure  of  from  20  to 
26  miles,  whust  greater  pressure  would  reconvert  them  to  solios  with  a  high  specific 
gravity. 

«  Geol.  Mao.  1872,  Vol.  IX.  p.  119. 

'  See  Permanence  of  Continents,  J.  S.  Gardner,  Popular  Science  Review,  1881, 
p.  125. 
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^:xoeptionanT  roogii  weather.  We  baye  genendly  to  tmst  to  fonnda* 
^ions  and  well-boringa  near  the  coast,  and  theee,  as  far  as  I  am 
^kcqoainted  with  them,  have  inyariably  shown  that  onr  aea-shores  are 
^teadilj  sinking.    If  this  were  not  so,  oor  land  would  be  sorrounded 
\3j  eztensire  shoals  of  oniform  depth,  for  the  whole  of  the  sediments 
fiom  the  wasting  of  the  shore  are  thrown  down  almost  entirely  npon 
^  belt  30  miles  wide.    The  moving  power  of  waves  is  not  felt  to  a 
^^reater  depth  than  forty  feet,  tides  appear  to  have  no  permanent 
action  in  removing  sediment,  and  shore  currents  of  suflScient  power 
sre  local  and  merely  cut  channel- ways.  The  rapidity  with  which  silt 
aoonmulates  may  be  seen  by  the  manner  in  which  wrecks  become  lost 
to  view,  and  in  the  discolouration  of  the  sea  during  rough  weather  pro- 
duced by  particles  from  the  shore  held  in  suspension.     This  shore 
deposit  does  not  fiud  its  way  to  the  depths  of  the  ocean,  and  if  its 
<x>nstant  aocumnlation  is  not  balanced  by  subsidence,  what  becomes  of 
it?'     A  glance  moreover  at  any  stratified  rock  composed  of  littoral 
deposits,  will  show  from  its  thickness,  whidi  often  exceeds  the  depth 
of  water  in  which  it  is  supposed  to  have  been  deposited,  that  it 
must  have  been  deposited  in  a  subsiding  area.     No  conclusion  but 
this  can  be  drawn  in  working  through  our  Eocenes,  and  it  is  suffi* 
ciently  obvious  that  no  thick  littoral  deposit  can  take  place  in  an 
area  of  elevation. 

If  the  theory  that  sedimentation  directly  causes  subsidence  is 
pushed  still  further,  we  discover  a  physical  reason  for  the  per- 
manence of  Ocean  basins.  If  permanent,  deposition  must  have 
been  continuous  since  Palseozoic  times,  and  would  to  a  large 
extent  have  filled  in  even  the  very  greatest  depths  of  the  ocean, 
unless  compensated  by  constant  and  ^adual  depression.  The  mean 
of  four  experiments  made  on  the  "  Challenger "  Expedition,  deter- 
mine<l  the  quantity  of  carbonate  of  lime  in  the  form  of  living 
organisms  in  the  surface  waters  to  be  2*545  grammes,  so  that  if 
these  animals  were  equally  abundant  in  all  depths  down  to  100 
fathoms,  it  would  give  16  tons  of  carbonate  of  lime  to  each  square 
mile  of  100  fathoms  depth.'  There  is  no  reason,  however,  why 
organisms  contributory  to  sediment  should  not  extend  to,  and 
even  become  more  abundant  towards  the  bottom.  In  the  absence  of 
knowledge  as  to  the  duration  of  life  iu  such  minute  marine  organisms 
as  Globigerina,  we  are  without  data  for  estimating  the  rate  of  depo- 
sition in  deep  seas.  Although  at  great  depths  shells  of  Foramini- 
fera  are  reduced  to  bicarbonate,  this  does  not  seem  to  result  in  loss 
of  material,  for  the  samples  of  deep  sea-])ottom  that  have  been 
dredged,  and  our  own  Chalk  formation,  tend  to  show  that  the  supply 
of  lime  is  not  kept  up  to  any  extent  by  the  dissolution  of  dead 
organisms. 
The  continuously  increasing   weight  of  sediment  and  of  water 

*  Sir  J.  Ilerschel  waa  of  opinion  that  the  weipfht  of  sediment  dinplaced  by  the  sea 
produced  elevation  and  depression  alonp:  coast-lines  (Phys.  (xeojqr.  p.  116). 

'  This  would  deposit,  if  replenished  annually,  one  inch  of  aeclimi-nt  in  8,000  years. 
If  life  extended  equally  to  2,000  fathoms,  one  inch  would  be  produced  in  400  years. 
If  12  generations  were  produced  per  annum,  one  inch  would  result  in  33  years,  and 
this  might  be  more  than  doubled  oy  the  decay  of  life  at  the  bottom. 
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must  exeroiae  enormoiu  pie8|pre»  tending  to  make  the  ffr€4Ue$i 
depths  of  the  sea  permanent,  and  to  oontinnally  elevate  linea  of  least 
resistanoe  into  ridges  or  banks,  resulting^  where  the  state  of  tension 
is  extreme,  in  isolated  Toloanio  outbursts.  The  lines  of  absolute  least 
resistance  would  probably,  however,  more  generally  ooinoide  with 
sea-margins,  because  these  would  be  the  nearest  lines  to  the  area  of 
depression,  free  from  aooumulating  sediment  Upon  ooasts,  there- 
fore, while  we  might  expect,  and  actually  find,  a  tendency  to  local 
depression,  owing,  as  I  suggest,  to  littoral  aedimentation ;  at  a  few 
miles  inland  there  should  be  found  a  far  more  important  and 
preponderating  tendency  to  elevation. 

That  such  a  tendency  has  really  existed  is  apparent  from  the 
positions  of  the  chief  mountain  chains.  Considering  the  very 
different  distribution  of  seas  which  prevailed  during  the  periods  of 
elevation  of  some  mountain  chains,  and  the  complicated  forces  at 
work,  it  is  remarkable  how  the  chief  mountains  of  the  world  follow 
the  existing,  or  recently  existing  coast-lines.  In  Europe  we  have 
the  Icelandic  mountains  on  its  southern  shores,  and  formed  probably 
when  Iceland  extended  some  way  north.  The  Norwegian  chain, 
and  the  Welsh  and  Irish  mountains  follow  the  coast-line,  and  were 
chiefly  formed  perhaps,  when  England  and  Scotland  were  united 
to  the  Continent.  The  Sierra  Nevada,  the  Cantabrian  mountains 
and  the  Pyrenees ;  the  Corsican,  Sardinian  and  Sicilian  mountains, 
the  Apennines,  Maritime  and  Dinario  Alps,  and  the  Alps  them- 
selves, were  formed  when  Eocene  seas  washed  their  bases.  In 
Asia  we  find  the  Mediterranean,  the  Bed  Sea,  the  Gulf  of  Aden, 
the  Persian  Qulf,  and  the  south  shore  of  the  Caspian,  margined 
by  mountains.  Both  sea-boards  of  Hindustan  are  followed  a  little 
way  inland  by  the  Eastern  and  Western  Ghauts,  and  the  Hima- 
layas skirted  the  sea  at  the  time  of  their  formation.  The  Malay 
peninsula  is  a  mountain  ridge,  and  mountains  follow  the  sinuosities 
of  the  Eastern  coast  of  Asia  from  Singapore  to  Behring's  Straits. 
Eastern  and  Western  Australia  also  have  their  coast  ranges. 

In  Northern  Africa  there  are  almost  continuous  mountains  from 
the  south  of  Morocco  to  Suez.  The  Eong  mountains  follow  the 
coast  of  Liberia  to  the  Slave  Coast.  The  Cape  mountains  stretch 
north  at  least  to  Mozambique,  and  hills  seem  to  line  the  coast  from 
Zanzibar  and  meet  the  northern  range  at  Suez.  In  America  a 
magnificent  range  follows  the  Western  coast  from  Alaska  to  Cape 
Horn,  and  on  the  east  are  the  Alleghany  and  Bio  de  Janeiro 
mountains.  Unless  we  believe  that  the  principal  chains  of  mountains 
follow  present  or  past  coast-lines  by  a  mere  coincidence,  we  must 
recognize  that  some  definite  law  is  at  work. 

But  even  more  conclusive  evidence  is  derived  from  the  position 
of  active  volcanos,  for  these  prove  that  the  fluid  layer  is  actually 
forced  nearest  to  the  surface  along  coast-lines.  The  Pacific  is  almost 
encircled  by  a  marvellous  chain  of  volcanic  vents ;  and  earthquake 
regions  are  also  generally  in  proximity  to  the  sea. 

If  the  sedimentation  going  on  annually  at  the  bottom  of  the 
ocean  really  produces  depression,  that  is,  displacement  of  the  fluid 
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layer,  it  must  force  up  mountain  chains  along  lines  of  least 
resistanoe.  The  sustained  pressure  would  continually  keep  fresh 
layers  of  the  solid  interior  or  of  its  own  material  at  the  liquefying 
point,  and  press  them  out  in  turn — imperceptibly  deepening  the 
ocean  basins  where  they  are  deepest  and  raising  the  shallower 
parts  to  higher  levels,  thereby  slowly  lessening  the  surface  area 
of  seas.  On  the  other  hand,  the  dry  land  would  extend  in  a 
corresponding  degree,  and  its  surface  become  more  diversified,  for 
new  mountain  chains  would  perhaps  in  succeeding  ages  have  a 
tendency  to  reach  greater  elevations.  Geology  itself  supports  this 
hypothesis.  The  records  of  the  Palaeozoic  rocks  point  to  a  com- 
parative uniformity  in  the  earth's  surface  in  remote  times,  there 
being  neither  evidence  of  great  depths  in  the  sea,  nor  of  mountainous 
elevations  in  the  land,  and  palseontological  evidence  shows  these  con- 
ditions to  have  been  progressively  modified  until  the  present  day. 
If  mountain  chains  and  volcanic  outbursts  were  caused  only  by  the 
cooling  of  the  earth,  we  should  find,  instead  of  the  uniformly 
shallow  sea  of  the  older  Palseozoic  rocks — and  the  almost  uniformly 
level  land  of  the  Carboniferous— evidence  of  even  greater  inequalities 
of  surface  than  now  exist 

While  therefore  upon  this  theory  the  greatest  depths  of  the  ocean 
may  always  have  been  permanent,  the  banks  and  ridges  of  less 
depth  with  islands  occasionally  rising  to  the  surface,  and  crossing 
the  Atlantic  and  Pacific,  must  either  be  rising  or  sinking.  If  they 
do  not  mean  changes  of  level  in  the  sea-bottom,  whether  of  past  or 
present  elevation,  what  do  they  mean  ?  Forces  are  unceasingly 
acting,  and  there  is  no  reason  why  an  elevating  force  once  set  in 
action  in  the  centre  of  an  ocean  should  cease  to  act  until  a  continent 
is  formed.  They  have  acted  and  lifted  out  from  the  sea,  in  com- 
paratively recent  geological  time,  the  loftiest  mountains  on  earth. 
Mr.  Wallace  himself  admits  repeatedly  that  sea-beds  have  been 
elevated  1000  fathoms,  and  islands  have  risen  up  from  depths  of 
3000  fathoms ;  and  to  suppose  that  the  upheaving  forces  are  limited 
in  power  is,  it  seems  to  me,  to  again  quote  from  Island  Life,  "utterly 
gratuitous,  and  entirely  opposed  to  all  the  evidences  at  our  com- 
mand." 

In  conclusion,  I  will  only  add  that  these  ideas  are  obviously  put 
forward  tentatively,  and  await  further  proof  or  disproof.  I  propose 
next  month  to  make  the  subject  clearer  by  means  of  a  diagram. 


IL — The  Classification  op  the  Cambrian  and  Silukian  Eocks. 

By  J.  E.  Marr,  B.A.,  F.G.S. 

A  PAPER  by  M.  Barrande,  which  has  been  recently  published,^ 
ix  seems  to  call  for  some  reply.  M.  Barrande,  whilst  working 
out  the  succession  in  Bohemia,  adopted  Sir  R.  I.  Murchison's  name 
"Silurian,"  and  even  applied  it  to   lower  rocks    than   did   ever 

*  "  Dn  Maintien  de  la  Nomenclature  6tablie  par  M.  Murchison,  par  M.  J. 
Barrande,*'  Extrait  du  Compte  Rendu  St6nographique  du  Congr^s  International  de 
(>^logie,  tenu  k  Paris  du  29  au  31  aoiit  et  du  2  au  4  Septembte,  \%1%. 
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* 

Murchison  himMl^  and  in  the  pi^er  under  oonsideiaticm  lie  rapporti 
this  classifioation. 

It  may  seem  preanmptaoas  to  qneetion  the  Mioption  of  thii 
olassification  by  the  great  expoeitor  of  the  Bohemian  barin,  bat  I 
would  submit  that  it  is  not  anffioient  to  judge  of  Ihe  merita  or 
demerits  of  an  historical  olasnfioiddon,  iiom  its  applloation  to  an 
isolated  area,  apart  from  the  dasiioal  one^  but  it  ahoold  be  aaoer- 
tained  whether  it  can  be  applied  over  mndh  larger  traota  of  conntey. 

BI.  Barrande  first  expresses  a  regret  that  Murohiaon  and  Sedgwick 
studied  only  strati^phioal  geology,  and  neglected  palsontology, 
and  attributes  to  this  cause  the  confusion  which  has  ariaen.  But  not 
only  had  these  two  geologists  oonsideFable  knowledge  of  palaoon* 
tology  themselves,  but  they  also  employed  palssontologista  of  the 
first  rank  to  assist  them  in  their  labours.  Moreover,  so  fiur  from 
the  confusion  having  arisen  from  paheontolog^ioal  errors,  it  arose 
from  mistakes  in  stratigraphy,  in  which  the  Woodwardian  Professor 
had  no  part ;  it  would  be  presumption  on  my  part  to  enter  further 
into  this  personal  question,  after  the  masterly  osnn^s  of  Sedgwick 
in  the  prefaces  to  "  British  PalaMWoic  Books  and  Fossils,**  and  *'  A 
Catalogue  of  Cambrian  and  Silurian  Fossils,"  and  the  able  defence 
of  Sterry  Hunt,  reprinted  in  his  **  Chemical  and  Oeological  Essays." 

M.  Barrande  then  goes  on  to  state  that  the  three  faunas  which  he 
names  primordial,  second,  and  third,  can  be  traced  over  very  wide 
areas,  whereas  the  smaller  subdivisions  {itagtB)  have  no  exact 
parallelism  in  different  countries.  This  is  to  a  certain  extent  true  of 
deposits  formed  in  shallow  water,  but  the  black  muds  which  indicate 
deep-water  conditions  are  very  widely  spread.  I  may  cite  as  an 
instance  of  this  the  occurrence  of  the  Arentg  fauna  in  countries  as 
widely  separated  as  Britain,  Sweden,  Bohemia,  France,  and  Spain. 

The  characteristics  given  of  the  three  faunas  admit  of  so  many 
exceptions,  as  to  be  of  very  doubtful  classificatory  value.  The 
primordial  fauna  is  said  to  be  composed  almost  entirely  of  Trilobites : 
this  may  be  the  case  where  the  deposits  are  of  a  deep-sea  character ; 
but  whenever  indications  of  shallow  water  occur,  Brachiopods 
abound,  e,g,  in  the  Lingula  Flags  of  Britain,  the  Olenus  beds  of 
Scandinavia,  where  Orthis  is  very  abundant  in  the  calcareous  beds,^ 
and  in  a  paper  read  before  the  Geological  Society,  June  9th,  1880, 1 
gave  reasons  for  supposing  certain  grits  of  Bohemia,  crowded  with 
lAngula  Feiatmanteli,  to  be  the  equivalents  of  the  Lingula  Flags  of 
Britain. 

**  In  the  second  place  these  primordial  Trilobites  are  characterized 
by  their  conformntion,"  the  head  is  small,  the  thorax  large,  and  the 
tail  scanty  (exigu) ;  this  scantiness  is  explained  as  not  referring  to 
the  extent  of  the  tail,  but  to  the  small  number  of  segments  of  which 
it  is  composed.  In  reply  to  this  I  may  remark  that  the  tails  of  such 
genera  of  the  second  and  third  faunas  as  Bemopleurides,  Acidaspis, 
and  various  genera  of  the  Cheirurida  are  strictly  comparable  to  those 
of  ParadoxideSy  etc.,  of  the  primordial  fauna. 

1  Cf.  Linnanson,  Bihang  till  K.  STenskaVet.  Akad.  Handl.  Band  8,  No.  12. 
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The  second  faana  is  described  as  possessing  Trilobites  which, 
contrast  with  those  of  the  primordial  group  ;  either  the  head,  thorax, 
and  tail  are  pretty  nearly  in  equilibrium,  as  in  Asaphua,  or  the 
thorax  is  rednced,  and  the  head  and  tail  developed,  as  in  lUanus. 
But  lUanus  possesses  no  segments  to  the  pygidium,  and  this  is  the 
case  with  the  primordial  Microdiaeua  and  Agnoatus,  which  also  have  a 
reduced  thorax.  Lastly  there  are  several  Trilobites  of  the  second 
fauna,  comparable  with  others  of  the  primordial,  such  as  Calymene 
with  Conocoryphe,  and  Harpea  with  Erinnys,  and  the  tails  of  these 
do  not  possess  very  many  segments,  and  are  quite  disproportional  to 
the  thorax  in  their  size,  and  the  number  of  segments. 

M.  Barrande  believes  that  the  second  fauna  is  also  characterized 
by  fossils  which  have  never  been  found  in  the  preceding  fauna, 
lliese  are  chiefly  Oepbalopods  and  Lamellibranchs.  But  the 
occurrence  of  an  abundance  of  Cephalopods  and  Lamellibranchs  in 
the  earlier  beds  of  the  second  fauna,  e,g,  in  the  Orthooeras  Limestc^e 
of  Sweden,  and  in  the  Tremadoc  rocks  of  Ramsey  Island,  as  shown 
by  Dr.  Hicks  (Q.J.G.S.  Feb.  1873),  would  indicate  that  they  must 
have  previously  existed  in  the  earlier  fauna ;  migration  with  certain 
physical  conditions,  as  kindly  suggested  to  me  by  Dr.  Hicks,  will 
account  for  their  absence,  so  far  as  known,  in  the  European  area. 
In  short  we  may  object  to  the  first  of  M.  Barrande*s  arguments, 
that  the  primordial  beds  have  not  been  yet  studied  over  a  sufficiently 
large  area  for  us  to  say  definitely  that  they  are  without  Cephalopods 
or  Lamellibranchs  anywhere ;  in  fact  the  evidence  goes  to  point  to 
the  fact  that  they  must  have  existed  somewhere  at  this  time.  To 
the  second  argument  we  may  olyect  that  characters  which  are 
hardly  of  generic  value  in  the  Trilobites  *  can  scarcely  be  of  much 
value  as  assisting  the  classification  of  large  groups  of  beds,  especially 
when  there  are  so  many  exceptions  to  the  rules  laid  down. 

M.  Barrande  proceeds  to  point  out  that  although  in  his  opinion 
these  three  faunas  are  distinct,  there  exist  nevertheless  beds  of 
passage  between  them  in  certain  countries.  Such  he  considers  to 
be  the  Tremadoc  rocks  of  England.  In  these  beds  he  recognizes 
rare  representatives  of  the  primordial  fauna,  as  Conocoryphe  {Cono- 
eephalitea)  and  Olenua,  whilst  with  these  appear  Trilobites  more 
characteristic  of  the  second  fauna,  as  Niobe  and  Pailocephalua  or 
IllcBfiua,  In  a  paper  on  Bohemia,  already  referred  to,  I  pointed  out 
reasons  for  concluding  that  Band  D.  d.  1  /3.  of  M.  Barrande  repre- 
sented the  Tremadoc  rocks  of  England,  and  that  among  the  scanty 
fauna  obtained  from  it,  there  occurred  the  primordial  Harpidea^  with 
AmphioUy  a  Trilobite  found  in  Barrande's  second  fauna.  The  beds 
of  Hof,  in  Bavaria,  described  by  M.  Barrande  as  containing  forms 
both  of  primordial  and  second  faunas,  also  seem  to  be  referable  to 
the  Tremadoc  rocks.  The  Tremadoc  rocks  of  Shropshire  (cf. 
Callaway,  Q.J.G.S.  vol.  xxxiii.  p.  652)  also  have  a  fauna  somewhat 

*  Of  the  genus  Phacops,  the  subgenus  Chasmops  has  a  large  tail  and  many  seg- 
ments, the  subgenera  Phaeops  proper  and  Accutc  have  much  smaller  ones,  and  few 
segments  relati^^'W  to  the  thorax. 
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intermediate  between  M.  Bamnde's  first  two  fannaB,  especially  after 
the  light  thrown  upon  the  fossils  of  this  group  by  Dr-  Linnarsson 
(Geol.  Mao.  Decade  IL  YoL  Y.  p.  188). 

The  Tremadoc  group  is  considered  by  M.  Barrande  as  appertaining 
from  its  base  to  his  seoond  fauna.  He  states  t^t  unfortunately 
some  English  geologists  have  associated  it  with  part  of  the  true 
primordiid  fauna,  in  the  subdivision  which  they  name  Upper 
Cambrian.  If  we  analyze  the  list  of  Tremadoc  fossils  given  in 
Salter's  Catalogue  of  Cambrian  and  Silurian  Fossils  in  the  Wood- 
wardian  Museum,  we  find  that  of  eleven  genera,  two  are  peculiar 
to  the  Tremadoc  beds,  one  occurs  both  above  and  below,  two  occur 
helovo  only,  and  six  above  only.  This  seems  to  bear  out  M.  Barrando's 
view  of  tiie  relation  of  this  formation.  Consequently  those  English 
geologists  who  have  a  tripartite  division  at  present,  ought  to  have 
a  quadripartite  one,  or  at  any  rate  to  shift  their  boundary-line  in 
one  case.  But,  indeed,  we  can  draw  hard  palaeontological  lines 
between  most  of  the  groups  of  the  so-called  primordial  beds  in 
Britain,  and  I  think  that  the  explanation  of  this  is  evident.  The 
primordial  fauna  of  Bohemia  is  the  representative  of  only  one 
English  formation,  viz.  the  Menevian ;  when  the  so-called  primordial 
group  in  Britain  has  been  searched  for  fossils  as  carefully  and 
persistently  as  that  part  of  it  in  Bohemia  which  is  fossiliferous,  these 
breaks  will  disappear.  In  England  our  opportunities  of  collecting 
fossils  are  rarer  than  are  those  of  foreign  geologists ;  tx)n8equently 
we  show  a  preference  for  working  out  the  richer  zones,  and  do  not 
give  so  much  time  as  would  be  desirable  to  the  more  barren  inter- 
mediate beds. 

Proceeding  to  consider  the  boundary  between  his  second  and  third 
faunas,  M.  Barrande  says  that  in  the  Llandovery  group  of  Enj^land, 
which  has  been  well  studied,  the  inferior  portion  contains  principally 
species  of  the  second  fauna,  whilst  the  superior  holds  a  majority  of 
species  of  the  third  fauna.  Our  geologists  now,  however,  usually 
group  the  Llandovery  or  May  Hill  Group  entirely  with  the  beds 
containing  the  upper  fauna,  whilst  so  far  is  our  knowledge  of  these 
rocks  from  being  complete,  that  there  is  still  a  great  deal  of  con- 
fusion as  to  certain  beds,  whether  they  are  of  Upper  Bala  age,  or 
belong  to  the  lower  part  of  the  May  Hill  beds.  I  have  in  a  recent 
paper  (Q.J.G.S.  1880,  p.  691)  endeavoured  to  show  that  M.  Barrande's 
"Colonies,"  which  he  appeals  to  as  affording  a  mixture  of  the 
organisms  of  his  second  and  third  faunas,  are  to  be  explained  as 
due  entirely  to  physical  disturbances. 

M.  Barrande  states  that  Murohison's  nomenclature  is  adopted  by 
the  Geological  Society  of  London  with  the  consent  of  nearly  all 
European  geologists,  and  that  the  names  "Primordial  Silurian," 
"  Lower  Silurian,"  and  "  Upper  Silurian,"  are  employed  in  the  last 
edition  of  "  Siluria,"  a  classic  work  which  is  in  the  hands  of  all 
geologists  upon  both  continents.  The  amount  of  agreement  with 
regard  to  this  classification  is  shown  in  the  following  table,  partly 
comj)iled  from  the  list  in  Salter's  Catalogue  of  Cambrian  and  Silurian 
Fossils  in  the  Woodwardian  Museum  : 
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With  this  list  before  us,  it  is  impossible  to  say  that  geologists  are 
^&eed  with  regard  to  one  or  another  classification.    Nor  are  foreign 
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geologists  at  all  agreed  as  to  their  nomenblatQre;  fbr  althongti  tbej 
use  the  terms  Silnrian  and  Cambrian,  they  are  used  in  Yarions  senses. 
In  Sweden,  for  instance,  the  Lobifems  and  Betiolites  Beds,  respeo- 
tivelj  representing  the  Hay  Hill  and  part  of  the  Wenlook  of  Britain 
(of.  Tomqyist,  Ofversigt  af  K.  Vetensk.-Akad.  Forhandl.  1879, 
r^o.  2,  p.  72),  are  by  some  authors  dassed  as  Lower  Silnrian.  What 
nomenclature  then  are  we  to  adopt?  No  olassifioation  depending  on 
natural  breaks  is  applicable  over  an  enormously  large  area,  for  very 
obvious  reasons,  but  yet  the  Britisb  names  of  other  formations  than 
the  Cambrian  and  Silurian  are  very  largely  used  by  European  and 
other  geologists,  when  describing  Uieir  own  areas.  Nor  are  these 
groupings  comparable  with  one  another  as  regards  sise ;  for  example, 
the  Pliocene  cannot  be  compared  in  magnitude  with  the  Carboniferous, 
and  yet  these  names  are  used  as  of  equal  value  in  the  lists  of  systems 
given  in  our  text-books.  In  short,  our  present  dassificstbn  may  be 
described  as  an  JusUmeal  one ;  such  being  the  case,  the  names  Cambrian 
and  Silurian  should  be  used  in  their  historical  sense,  until  our  entire 
nomenclature  is  re-modelled,  and  hence  the  word  Cambrian  riiould 
include  the  rocks  from  the  base  of  the  Harlech  Beds  to  tfie  top  of 
the  Bala  group,  as  defined  by  its  historian  Sedgwick.  The  term 
thuB  used  is  also  natural  to  as  great  an  extent  as,  if  not  greater  than, 
that  for  any  other  system,  for  it  seems  that  the  movements  which 
affected  the  northern  hemisphere  in  the  Old  World  were  very  wide- 
spread during  the  deposition  of  the  old  rocks ;  the  beds  deposited  in 
deeper  water  can  be  traced  continuously  over  very  large  areas,  e,g, 
the  Arenig  beds  occurring  as  black  muds  in  Britain,  Southern 
Sweden,  France,  Spain,  and  Bohemia,  also  the  representatives  of 
the  Birkliill  Shales  and  of  the  beds  characterized  by  Betiolites 
OeinitzianuB ;  consequently  if  these  areas  were  contemporaneously 
submerged  to  some  depth,  it  foUows  that  the  intermediate  upheavals 
were  also  contemporaneous,  and  the  greatest  upheaval  throughout 
Europe  seems  to  have  been  after  the  end  of  the  Bala  period,  so  that 
even  where  the  deposits  were  not  actually  raised  above  the  water, 
as  they  were  in  many  cases,  there  was  deposition  in  very  shallow 
water.  This  is  the  greatest  upheaval  in  the  European  area  which 
occurred  throughout  the  penods  between  the  deposition  of  the  Harlech 
Beds  and  that  of  the  Ludlow,  and  it  is  accompanied  by  a  palseonto- 
logical  break.  Other  physical  breaks  are  local,  and  seem  to  have 
been  due,  not  to  widespread  upheavals,  but  to  local  volcanic  action, 
and  hence  are  of  no  classificatory  value ;  such  is  the  break  at  the 
base  of  the  Coniston  Limestone  of  the  English  Lake  District,  and 
that  at  the  base  of  £tage  D.  of  Bohemia. 

English  geologists  are  requested  to  bring  their  nomenclature 
before  the  International  Commission  for  the  Unification  of  Geological 
Nomenclature.  A  classification  must  therefore  be  adopted  for  our 
Lower  Palaeozoic  rooks ;  let  us  then  be  consistent,  and  add  the  names 
Cambrian  and  Silurian  in  their  historical  sense  to  the  remainder  of 
our  historical  names,  especially  as  by  so  doing  we  make  the  nearest 
possible  approach  to  a  natural  nomenclature,  and  although  late,  do 
justice  to  the  great  work  of  one  of  our  greatest  geologists. 
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By  Henry  H.  Howo&th,  F.S.A. 
{Continued  from  page  205.) 

rFranoe  deposits  of  the  same  kind,  such  as  those  at  Menche- 
court,  are  familiar  enough.  To  complete  our  merely  illustrative 
list  of  examples,  I  would  quote  the  vast  deposits  found  in  the  offing 
of  the  Thames,  and  right  away  to  the  Dutch  coast.  Dr.  Bree  says 
that  the  bones  occur  in  such  quantities  on  the  sea-bottom  ofif  Dun- 
kirk that  the  sailors  call  it  the  Burying  Ground  (Leith  Adams's 
Hem.  on  Elephas  prinUgefiius,  p.  73). 

The  identity  of  conditions  in  Europe  and  Siberia  is  carried  out  in 
other  details.  The  deposit  in  which  the  bones  occur  is  in  both 
a  fresh-water  one,  consisting  of  marly  clay  and  of  gravel,  and  its 
contents  are  of  the  same  class.  We  mentioned  in  a  previous  paper 
liow  Schmidt  found  the  remains  of  the  Mammoth  mixed  with  land  and 
flnviatile  shells.  This  is  precisely  the  character  of  the  corresponding 
beds  in  Western  Europe,  only  that  in  the  latter,  from  the  fact  of 
their  having  been  examined  with  much  more  critical  care,  the 
number  of  species  of  such  shells  recorded  is  very  much  greater. 

The  discovery  of  these  fresh- water  shells  is  so  constant,  and  they 
are  so  exceedingly  numerous  in  the  beds  containing  Mammoths' 
remains,  etc.,  that  it  is  perfectly  useless  to  enumerate  in  detail  the 
localities  where  they  have  occurred.  In  Ireland,  in  the  marl  under- 
lying the  peat,  with  the  Megaceros ;  in  England,  in  various  neigh- 
bourhoods with  the  so-called  Pleistocene  fauna ;  and  in  France,  in 
beds  of  the  same  horizon.  We  are  told  that  sixty-five  species  of 
such  shells  have  been  found  at  Menchecourt,  thirty- three  at  Saint- 
Acheul,  and  eighteen  at  Saint-Roch.  They  have  been  found  in  the 
valley  of  the  Saone,  of  the  Somme,  in  Dauphiny,  and  the  Jura.  The 
Loess  in  the  valley  of  the  Rhine  and  its  tributaries  is  very  full  of 
such  shells ;  so  are  the  similar  deposits  in  the  Yosges  and  the  Black 
Forest. 

In  the  29th  volume  of  the  Bulletin  of  the  French  Geological 
Society,  p.  332,  will  be  found  an  account  of  similar  deposits  in  the 
valley  of  the  Danube,  also  containing  shells  of  the  same  class.  The 
fact  is  they  may  be  said  to  be  universally  present  in  these  beds. 
The  great  abundance  of  their  remains  prove  that  the  conditions  must 
have  been  singularly  favourable  for  the  development  of  such 
molluscs.  They  point  the  same  moral  as  the  similar  shells  found  in 
Siberia. 

The  species,  with  the  exception  of  a  few  to  which  I  shall  revert 
presently,  are  the  same  as  those  still  found  in  the  Western  Palsearctic 
region.  M.  Daubree  says  of  the  shells  found  in  the  Loess  of  the 
Rhine  Valley  that  some  species  are  very  common,  namely,  Succtnea 
Monga,  var.  elongata,  Selix  hispida,  Pupa  muscorum.  Helix  arbiisto- 
mm,  Clausilia  parvula,  Pupa  columella^  Pupa  edentidatay  Helix 
crystaUina,  Clausilia  gracilis,  Helix  pulchella.  Helix  moniana^  Pupa 
dolium,  Clausilia  duhia.  Pupa  pyg-nKea,  Bulivius  lubricus,  and  Pupa 
ieeale.   Seven  other  species  are  very  rare.    Of  the  whole  number  only 
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one,  namely,  Limnea  nUntUa^  is  fluTiaiile,  and  of  this  only  28  indi- 
viduals out  of  200,000  speoimena  have  been  noted.  The  greater 
part  of  these  speoies,  saya  onr  author,  atill  live  in  the  ooantry ;  the 
rest  are  so  little  dififereht  that  they  may  be  treated  as  mere  varieties. 
Nearly  all  still  live  in  oold  damp  dimatea,  and  aome  in  the  Alps  as 
high  as  the  limits  of  snow  (Biul.  QeoL  Soo.  of  Franoe,  voL  zxiv. 
p.  490). 

Heer,  speaking  of  the  same  olaaa  of  ahella,  refers  to  the  twenty- 
one  species  found  by  Professor  Monsson  in  the  Gallon  part  of  the 
Bhine  Valley,  atid  desoribed  by  him  in  the  Transaotions  of  the 
Natural  History  Society  of  Zurich  in  1856,  says  they  still  without 
exception  oocur  in  Easterju  Switzerland,  most  of  them  in  the  valley 
of  the  Ehine  or  at  the  foot  of  the  nearest  mountain  slopes.  Hdix 
ruderata  is  not  now  found  in  the  plain,  however,  and  only  in  the 
highest  mountain  region,  that  of  the  mountains  of  Olaria,  Prattigan 
and  the  Sen]  is  ohain.  Helix  serieea  glahMi  and  Hdix  arhutiormm 
subalpina  also  belong  to  the  mountain  r^on.  Helix  BtrigeUa^  with 
a  wide  umbilicus,  still  occurs  near  Sargana,  and  is  peculiar  to  thai 
district.  All  the  species  except  the  four  firat  named,  says  Heer,  are 
either  forest  snails  from  the  region  of  leafy  trees,  or  species  which 
prefer  shady  moist  places.  Inhabitants  of  dry  sunny  localities  are 
wanting.  .  .  .  Speaking  of  the  Loess  of  the  Lower  Rhine,  he  says  of 
the  numerous  snails  which  have  been  collected  in  it,  the  species  of 
shady  moist  localities  certainly  predominate,  and  with  them  are 
mixed  certain  forms  (such  as  Helix  hispida,  Helix  ruderata,  and 
Helix  arhuatorum  svbalpina),  which  at  present  are  met  with  only  in 
high  mountains,  while  no  species  occur  which  belong  to  warm  sunny 
localities  (Prim.  World  of  Switzerland,  vol.  i.  pp.  213  and  214). 

M.  Tournouer,  in  describing  the  similar  mollusca  from  the  tuffs  of 
Moret  in  the  valley  of  the  Seine,  says  that  thirty-five  species  in  all 
were  discovered.  They  must  have  lived  in  the  recesses  of  moist 
woods  attached  to  leaves,  to  tender  herbaceous  plants,  and  to  rocks 
where  water  fell ;  some  were  probably  brought  down  from  a  higher 
level  by  torrents.  Of  the  thirty-five  species  just  named,  one  half 
still  live  in  the  neighbourhood;  of  the  rest,  some,  like  the  Helix 
limhata,  belong  to  the  sub-Pyrenean  district  of  South-western  France, 
others  to  the  mountain  districts  of  the  Alps  and  Jura.  Of  this 
class  are  Bulimus  montanus,  Clausilia  duhia,  Pomatia  septem-epiraliSf 
etc. ;  some  to  Eastern  Europe,  as  Helix  bidens,  Clauailia  pnmila,  etc. ; 
others  again  to  Southern  forms,  as  Vitrina  major,  Zonitea  acies,  a 
Helixy  like  Helix  fruiicum,  etc.  Some  kinds  seem  to  be  extinct,  as 
Succinea  Joinvillensie,  Cycloatqma  lutetianum,  several  forms  of  Succinea, 
Zonites,  and  Clausilia.  The  most  common  species  at  Moret  are  the 
Helix  arbiiatorum  and  nemoralist  still  found  over  all  Central  and 
Northern  Europe.  The  whole  class  found  here  is  singularly  like 
the  parallel  class  from  Canstadt,  in  Wurtemberg,  both  deposits 
being  marked  by  the  peculiar  forms  Helix  bidens  and  Zonites  acies. 
They  bespeak  a  diffusion  of  European  species  more  uniform  than 
prevails  now,  with  a  damp  and  more  uniform  climate  than  now 
prevalla,  and  at  Moret  one  with  a  somewhat  higher  mean  tempera- 
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ture,  more  like  that  now  prevailing  on  the  southern  flanks  of  the 
Alps,  in  Friouli,  and  Croatia,  where  alone  are  now  found  the  great 
Zoniies  (verticiUuit,  croaticiMf  etc.),  the  Helix  nemoralisy  Helix  arhua- 
iorufn,  and  Helix  bidena  (Report  of  the  International  Congress  of 
Anthropology  at  Stockholm,  pp.  104r-106). 

This  evidence  is  assaredly  coincident  with  that  furnished  hy  the 
fresh-water  shells  of  the  Siberian  strata,  in  which  Mammoths' 
remains  occur,  and  especially  by  the  remarkable  fact  that  such  a 
southern  form  as  Cyrena  fluminalis  occurs  there  (see  Belt  on  the 
Superficial  Deposits  of  Siberia,  Journal  Geological  Society,  vol.  zxz. 
p.  490,  etc.). 

These  mollusca  not  only  point  to  a  mild  climate  but  to  one  which 
was  comparatively  mild  all  the  year  round.  For  they  could  not 
migrate  with  the  seasons  nor  could  they  survive  an  arctic  tem- 
perature.    The  same  conclusion  is  attested  by  the  remains  of  plants. 

Here  I  would  quote  a  curious  passage  from  an  essay  by  Baer, 
entitled  '*  De  Fossilibus  Mammalium  Beliquiis,''  etc.,  in  which  he 
describes  the  discovery  of  a  number  of  trunks  of  birch  trees  with 
bones  of  Mammoths.  I  will  quote  his  own  graphic  words.  ''In 
ponendo  fundamento  domus,  custodi  noni  emissarii  canalis  Bromber- 
gensis  destinatae,  repertum  est  sub  turfa,  9  pedes  alta,  stratum  arenae 
tennis  et  huic  incumbens,  magnus  arborum  numerus  cortice  fere 
inoolumi,  necnon  ossium  maximorum  farrago,  quorum  multa, 
e  fossa  extracta  sunt.  .  .  .  Clar.  Wutzke,  e  consiliis  regiminis,  qui 
canali  huic  fodiendo,  praefuit,  de  hac  re  a  me  interrogatus  dentes 
efibssos,  dentibus  mammonteis  omnino  similes  fuisse  affirmavit. 
Memoratu  dignissimum  videtur  sceleton  in  sylva  proatrata  inventum 
esae,  et  qmdetn  inter  arboreaf  quos  plaga  nostra  et  hodie  gignit.  Con- 
tend it  vir  laudatus  quanquam  lignum  corruptum  invenisset,  ex  cortice 
Bettdam  albam  se  agnovisse  nee  unum  inter  operarias  fuisse  qui  non 
idem  censisset.  Quid  strias  fusoas,  quibus  praeter  alias  gaudet  cortex 
betulinus,  conspicuas  observavit  vir  in  his  rebus  peritissimus.  Num 
ex  relatio  concludere  eis  elephantem  primigenium  in  patria  nostra, 
betnletis  inhabitasse  et  ergo  non  tropicara  temperiem  expertum  esse, 
an  mavis  C€i8u  quodam  terrae  superficiei  commotiones  Betulas  cum 
reliquis  Mammonteis  ex  antiquiore  aevo  superstitibus  in  maris  fundo 
quem  arena  indicat  commiscuisse''  (op.  cit,  pp.  15  and  16). 

Mammoths*  remains  were  found  associated  with  cones  of  the  Pinua 
9ylveairia  at  Sprottau,  in  Silesia  (Quarterly  Review,  vol.  oxiv,  p.  378), 
but  it  is  the  evidence  recently  adduced  by  Heer  and  Saporta 
which  is  the  most  valuable.  The  former  has  written  on  the  Plant 
Remains  from  the  Quaternary  deposits  so  rich  in  Mammoth  remains 
at  Canstadt  in  Wurtemberg  and  elsewhere,  and  the  latter  on  the 
similar  remains  from  Moret,  in  the  valley  of  the  Seine. 

From  the  tuffs  of  Canstadt  Professor  Heer  has  succeeded  in 
identifying  29  species  of  plants ;  these  comprised  a  large  oak  with 
obtusely  and  widely  lobate  leaves,  six  inches  broad,  and  oval  acorns 
nearly  twice  as  large  as  those  of  Quercua  pedunculata ;  a  poplar  with 
large  cordate  leaves,  with  but  faintly  undulated  leaves  {Populua 
Fraaaii,   Heer) ;   a  walnut,  like  the  American  Juglana  nigra  and 
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einerea;  and  ftmong  the  qpeoiet  itill  Imng  theve^  the  ted  Ar,  tiha 
white  birch,  the  haaA  and  the  ayoamore,  the  white  fir,  aspen,  aOver 
poplar,  pedancnlated  oak,  hornbeam,  elm,  lime  tree  and  spindle  trea^ 
the  Salix  wumandra^  Jragili§,  amrUm,  asiiBalia,  and  eqieoially  iSaKs 
einerea,  the  Cornms  tamgmneat  the  IHIaBWiBt  fiwagfda  and  eaikarHam, 
the  box,  the  Vaedniwrn  nHginomtrnp  the  gnat  manna  giaaa  (Olfeerim 
gpeetabiUt)  the  reed  and  tfie  harts'  tongoe  {Seolepetrnwrn  ojfiemab). 
Except  the  extinet  apeoies  and  the  box,  all  these  plants  now  li^e  in 
Wurtembeig ;  the  syoamore  is  not  foond  at  Ganstadt  however,  bat  in 
the  moantains,  and  the  whortlebeny  in  the  peat  bogs.  *'  On  the 
whole/'  says  Heer,  ''climatal  oonditions  are  implied  in  the  flora  of 
Canatadt  similar  to  those  now  preralent  in  the  same  looality.**  In 
old  turbaries  of  IvraBS  and  in  drift  debris  near  Mar  in  S^rria  trunks 
of  the  Siberian  pine  (Ptiiiis  essifrra)  have  been  fbond,  and  near 
Schwerzenbaoh,  in  the  Canton  of  Zaridi,  in  drift  loem,  Behda  mmo^ 
Salix  retutOf  8aUx  retieulaia,  SaMxpolanB,  Poijfgimwm  mviparum  and 
Dryas  oelopeiala  (Heer,  cp.  eU.  pp.  206-7).  This  more  northen 
flora  is  perhaps  doe  to  the  proximity  of  the  Alps,  or  it  periiaps 
belongs  to  a  somewhat  earlier  period.  It  b  veiy  probable  indeed 
that  the  white  olay  band  above  the  Borey  Traoey  Lignites,  whioh 
was  described  by  Professor  Heer  and  others  in  the  152nd  volnme  of 
the  Philosophicfd  Transactions,  is  of  the  same  age  as  the  brick-earths 
and  white  marls  in  which  the  Mammoth  occurs.  It  is  interesting 
to  note  that  Professor  Heer  recovered  from  this  clay  leaves  of  the 
Bettda  nana,  and  of  three  species  of  Salices  which  he  identified 
respectively  with  Salix  einerea,  Salix  repens,  and  Salix  ambigua, 
Tlie  first  of  these  points  to  Devonshire  then  having  had  a  colder 
climate  than  now;  it  not  being  found  south  of  Scotland;  the  evidence 
of  the  willow  leaves,  says  Professor  Heer,  is  the  same,  indicating  that 
at  this  time  Bovey  was  a  cold  peat  moor.  He  remarks  that  Salix 
einerea  is  one  of  the  commonest  species  at  Ganstadt  {op.  eit,  p.  1044). 

M.  Saporta's  researches  have  been  devoted  to  the  French  strata, 
and  he  communicated  a  most  interesting  paper  to  the  Stockholm 
meeting  of  Anthropologists  in  1874,  on  the  flora  of  the  tufis  of 
Moret  in  the  Seine  Valley,  already  referred  to.  The  following 
plants  have  been  found  there:  Scdopendrium  officinale,  Coryln$ 
avellana,  Salix  einerea,  SaUx  fragiliSf  Pojndue  eaneeeens,  Fieus  eariea, 
FraxinuB  excelnor,  Viburnum  tinus,  Hedera  helix,  Clematis  mtalba, 
Taxus  sempervirens,  Acer  pseudo-platanus,  Euonymus  Europaus, 
Euonymus  latifolius,  Cercis  eiliquastrum.  Of  these  fifteen  species, 
five  are  not  now  found  at  Moret,  namely,  Fieus  earicaj  Viburnum 
tinuSj  Taxus  sempervirens,  Euonymus  latifolius,  and  Cereis  siliquastrum. 

The  whole  of  the  plants  found  at  Moret  are  also  found  at  Ganstadt, 
except  the  Cereis,  the  Viburnum,  and  the  Fieus,  The  co-existence  of 
these  species,  says  M.  Saporta,  proves  very  clearly  that,  notwith- 
standing the  variations  due  to  latitude,  Europe  from  the  Mediter- 
ranean to  its  central  districts  offered  fewer  contrasts,  and  was  more 
uniform  than  it  is  now.  A  more  equable  climate,  damp  and  clement, 
allowed  the  Acer  pseudo-platanus  and  the  fig  to  live  associated 
together  near  Paris,  as  it  allowed  the  reindeer  and  hy»na.    The 
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Aeer  grows  with  diflSoalty  now  where  the  Ficue  grows  wild,  while 
the  latter  has  to  he  protected  in  winter  in  the  latitude  of  Paris  (op. 
it  pp.  102,  104:). 

In  this  dehris  of  the  flora  we  not  only  have  a  oapital  means  of 
ixing  the  isothermals  of  the  period  when,  and  the  district  where,  the 
ifammoth  and  his  companions  lived,  hut  also  have  no  douht  a  fair 
ist  of  the  plants  upon  which  he  was  accustomed  to  feed. 

The  evidence  of  the  animals  found  with  the  Mammoth  in  Western 
Unrope  and  Siberia  points  to  precisely  the  same  conclusion.  Un- 
ortunately  we  have  had  only  very  incomplete  researches  in  the 
fttter  area,  but  we  know  that  the  Rhinoceros  tichorhinua.  Bison  priscus, 
3oB  primigenius,  Equus  caballuSj  and  the  Ovibos  moschatua  occur 
here,  and  all  these  occur  together  in  the  west ;  but  further  we  find 
Q  these  deposits  in  the  west  several  animals  which  are  still  living 
Q  Siberia,  and  which  have  no  doubt  survived  from  the  epoch  of 
he  Mammoth,  but  are  no  longer  found  living  in  Europe,  such  as 
he  Saiga  Antelope,  the  Reindeer,  the  Lemming,  two  species  of 
IpermophiluSf  eta  The  presence  of  these  animals  in  both  areas 
wints  roost  forcibly  to  the  climatic  and  other  conditions  having 
)een  alike  in  both,  a  view  which  is  much  confirmed  by  the  famous 
liscovery  described  by  Mr.  John  Evans,  in  the  20th  volume  of  the 
Foamal  of  the  Geological  Society,  of  not  only  bones  of  the  wild 
;oose  which  have  occurred  elsewhere  in  Europe,  but  also  of  portions 
»f  ^g-shells,  in  all  probability  belonging  to  the  same  bird,  which 
itill  breeds  in  such  enormous  numbers  in  Siberia.  The  immense 
leposits  of  fluviatile  moUusca  from  the  beds  we  have  described 
)rove  what  a  famous  feeding  ground  Europe  must  then  have  been 
or  the  wild  goose,  and  shows  why  Europe  should  then  have  been  its 
)reeding  quarters,  it  being  widely  held  now  that  the  summer  habitat 
»f  birds  is  mainly  fixed  by  abundance  of  suitable  food. 

While  the  evidence  of  the  Mammals  is  satisfactory  that  a  con- 
inuous  climate  and  conditions  ranged  over  both  Siberia  and  Europe, 
heir  evidence  is  also  consistent  with  that  of  the  other  factors  we 
lave  adduced,  that  the  climate  must  have  been  a  temperate,  and 
loubtless  one  with  a  more  equable  mean  between  summer  and 
rinter,  marked  perhaps  by  an  isotherm  very  like  the  one  which  now 
haracterizes  Central  Europe.  This  is  surely  pointed  by  the  dis- 
overy  of  bones  of  Lepus  timidua,  near  Salisbury,  described  by  Mr. 
i^vans  in  the  paper  already  cited,  and  the  more  important  discovery 
f  remains  of  the  Sorex  araneuSf  of  young  moles,  of  the  Lepus  timidus, 
f  the  common  squirrel,  of  the  Mus  terrestris,  and  of  many  bones  of 
rogs,  together  with  those  of  the  Mammoth,  Rhinoceros,  and  Hyaena, 
t  Kostritz  (see  Schlotheim  zur  Potrefactenkunde,  Gotha,  1822). 

It  would  seem,  therefore,  that  Siberia  and  Europe  during  the 
»eriod  of  the  Mammoth  formed  one  zoological  province,  which  in 
Vestem  Europe  more  or  less  overlapped  with  an  entirely  different 
irovinoe  then  occupying  the  Mediterranean  border-land,  and  of 
irbich  some  sporadic  elements,  such  as  the  Hippopotamus,  the 
Ihinoceros  leptorhinus,  and  probably  the  MachairoduSf  extended 
nto  Mid-Britain.    These  mammals  are  matched  among  the  mollusca 
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by  lai^e  specimens  of  C^f€io$iamadegmt»tlTike\bo9%  fimiidinNorttiem 
Italy,  the  Cifrena  fluminaU$  now  liYing  in  the  sone  from  the  Osepian 
to  Syria,  hirgeT  specimens  of  Bdix  arbuMtarum,  also  pointing  to  a 
higher  temperature,  and  VtintM  domgaiap  now  living  in  the  Sooth 
of  France,  and  these  again  by  such  phuits  as  the  JFieu$  eanea. 

The  conclusion  from  these  Tarioos  facts  seems  inevitable  that  jvst 
as  the  companions  and  the  varions  conditions  of  life  which  anr- 
rounded  the  Mammoth  in  Europe  were  the  same  as  those  in  Siberiai 
so  its  mode  of  life  was  the  same.  That  it  lived  and  died  where  ita 
remains  are  now  found  in  a  climate  marked  by  a  temperate  oharacter 
all  the  year  round,  and  further  that  the  causes  of  its  disajmaranoe 
were  probably  the  same  in  both.  The  consideration  of  this  last  very 
critical  question  I  propose,  with  the  permission  of  the  Editors,  to 
postpone  to  another  paper.  I  onght  to  state  that  this  paper  was 
written  some  time  before  the  publication  and  entirely  indepoident 
of  Mr.  Geikie's  very  admirable  work  on  ''Ftehistorio  Eurepe.'* 


lY.— Notes  on  the  Ysbtebbata  or  tee  Pbb-Glaoial  Fobbbv 

Bed  Series  or  the  East  or  Emolahd. 

By  S.  T.  NBWTOir,  F.G.S. 
(Published  by  permiMioii  of  the  Director-Oeneral  of  the  Geological  Surrey.) 

PART  IV.— EODENTIA  AND  INSECTIVORA, 

AS  in  the  previous  notes  (Geol.  Mag.  Decade  11.  Vol.  YII.  No. 
10,  p.  447,  1880),  so  in  the  present,  it  is  deemed  desirable  to 
give  in  the  first  instance  a  complete  list  of  all  the  examples  of  the 
groups  under  consideration,  which  have  hitherto  been  recorded,  and 
then,  having  examined  each  critically,  finally  to  give  a  corrected 
list 

BODENTIA    AND    InSECTIVORA   SAIB  TO    HATI  BBIN  FOUND  IN  THB  **  FORBST   BeD 

Series."     (See  also  corrected  liat,  at  p.  2d9.) 


Trogontherium  Cuvitri, 
Castor Jiber  {=  C.  Buropamt), 
Arvieola  amphibia, 

agre9ti$, 

arvaiit. 

glareolut. 


SeiurtUf  sp. 
Mui  muaeulut, 
Talpa  Buropaa, 
Sorex  fodiena, 
■  remifir, 

MyogaU  motchata. 


BODBNTIA. 


Trogontherium. — ^In  the  year  1846,  Prof.  Owen  referred  certain 
lower  jaws  of  a  large  Bodent,  obtained  from  the  Forest  Bed,  to 
Fisher's  genus  Trogontherium,  with  the  specific  name  of  T,  Outfieri 
(Brit  Fobs.  Mams.  p.  184).  Sir  C.  Lyell  had  already  referred  to 
these  specimens  in  1840  (London  and  Edinb.  Phil.  Mag.  ser.  3,  vol. 
xvi.  p.  346),  on  Prof.  Owen's  authority,  as  belonging  in  all  pro- 
bability to  a  species  of  Beaver  distinct  from  the  recent  one.  English 
writers  have,  since  the  year  1846,  almost  without  an  exception, 
received  Prof.  Owen's  determination ;  but  on  the  Continent  there 
has  been  great  diversity  of  opinion,  so  much  so,  that  the  synonymy 
has  become  much  too  complicated  for  any  attempt  to  be  made  to 
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explain  it  in  the  present  notes.  It  will  be  sufficient  to  say  that  in 
1869  M.  Gervais  (Zool.  et  Paleont.  General,  p.  80),  adopted  M. 
Pomel's  name  of  Diabroticus  Schmerlingii  for  these  large  "Forest 
Bed"  Beavers,  believing  that  their  affinity  with  Fisher's  Trogontherium 
had  not  been  established.  Prof.  Owen,  however,  in  1869  (Gkol. 
Mao.  Vol.  YI.  p.  49),  described  other  specimens  of  these  Rodents,  and 
being  still  convinced  that  his  previous  determination  was  correct, 
retained  the  name  of  Trogontherium  Cuoieri,  Since  that  time  several 
examples  of  npper-  and  lower-jaw  teeth,  with  limb-bones,  have  been 
obtained,  and  it  is  with  no  little  satisfaction  I  am  able  to  say,  that 
these  confirm,  in  an  unexpected  manner,  Prof.  Owen's  determination. 
Fisher's  type  specimen  was  a  skull  without  the  lower  jaw  and 
baving  the  cheek  teeth  in  an  early  stage  of  wear,  so  that  each 
exhibited  four  folds  or  islands  of  enamel ;  the  hindermost  one  having 
two  small  additional  folds.  The  first  British  specimens  found  were 
lower  jaws,  so  that  it  was  extremely  difficult  to  compare  them, 
eispecially  as  neither  of  them  had  the  teeth  in  the  same  early  con- 
dition of  wear  as  the  type.  The  only  upper  jaw  with  teeth  which 
was  known,  until  quite  recently,  was  that  figured  by  Prof.  Owen  in 
1869  {loc,  cit,)f  and  in  this  the  only  two  teeth  which  were  perfect 
bad  each  only  two  folds,  and  consequently  differed  much  from  the 
original  specimen.  On  this  account  several  writers  were  of  opinion 
tbat  they  could  not  be  refen*ed  even  to  the  same  genus.  An  exami- 
nation of  the  numerous  teeth,  both  lower  and  upper,  which  are  now 
to  be  found  in  various  collections,  show  in  a  most  conclusive  manner, 
as  it  seems  to  me,  that  the  folds  of  enamel,  which  in  the  early  con- 
dition are  all  connected  with  the  exterior  surface  of  the  crown, 
rapidly  lose  their  connexion  and  become  isolated,  as  is  the  case  with 
most  of  the  folds  in  Mr.  Fisher's  type.  Gradually  as  the  tooth 
wears  some  of  the  islands  of  enamel  become  obliterated,  and  hence 
in  old  examples  some  of  the  teeth  may  exhibit  only  two  folds,  as  in 
the  upper  jaw  figured  by  Prof.  Owen  and  mentioned  above.  One 
series  of  upper  teeth,  in  Mr.  Savin's  Collection,  agrees  as  closely  as 
possible  with  Fisher's  original  specimen  as  figured  by  Rouillier. 

The  great  difference,  which  Prof.  Owen  maintained  there  existed, 
between  this  large  "  Forest  Bed  "  Beaver  and  the  recent  forms  of 
Castor,  is  likewise  confirmed  by  recent  acquisitions.  Not  only  do 
these  differences  extend  to  the  forms  and  proportions  of  the  grinding 
teeth  and  incisors,  both  upper  and  lower,  but  also  to  the  form  of 
the  lower  jaw  itself  and  to  the  bones  of  the  limbs. 

There  is  no  evidence  of  a  second  species  of  Trogontherium  from 
the  "Forest  Bed,"  all  the  remains  at  present  found  being  referable  to 
T,  Cuvieri.  These  remains  have  been  obtained  at  Cromer,  Mundesley, 
Bacton,  West  Kunton,  and  Kessingland,  and  Mr.  K.  Fitch  has  an 
incisor  from  the  Norwich  Crag  of  Thorpe.  » 

Castor. — The  remains  of  Beavers  were  among  the  earliest  Mam- 
malian bones  obtained  from  the  **  Forest  Bed,"  and  were  mentioned 
by  S.  Woodward  in  1833  (Geol.  Norfolk),  and  referred  to  Castor  fiber, 
1  have  been  unable  to  trace  any  remains  of  the  true  Beaver  amonp: 
the  older  specimens,  except  one  tooth  in  the  King  Collection,  OAivi 
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am  inclined  to  think  that  roost  of  the  leroains  Teferred  to  as  Caatar 
were  really  Trogontherium.  However,  quite  recently  two  or  three 
undoubted  examples  have  been  found  at  West  Bnnton  and  BLessing- 
land,  80  that  there  is  no  question  as  to  the  ooourrenoe  of  this  genus 
in  the  "  Forest  Bed  Series."  I  have  preferred  to  retain  Prof.  Owen's 
name  of  Castor  Europaua,  seeing  that  good  authorities  acknowledge 
a  constant,  though  slight,  di£Eerenoe  between  this  form  sad  the 
American  Beaver. 

ArvicoUjL — The  remains  of  Voles  were  reoognixed  among  the 
''  Forest  Bed  "  Mammalia  as  early  as  the  year  18i0  (Lyell»  Lend.  Edin. 
Phil.  Mag.  ser.  8,  vol.  xvL  p.  d46).  Prof.  Owen  seems  to  have  been 
the  first  to  refer  any  of  them  to  the  Arvicola  aiw^hibia  (Brit.  Foss. 
Mams.  1846,  p.  205);  and  since  then  it  has  been  inoluded  in  most  of 
the  lists.  Within  the  last  few  years  remains  of  a  smaller  species 
have  been  found,  and  these  have  been  referred  by  different  writers  to 
the  species  given  in  the  list  above.  After  a  careful  examination  of 
a  large  series  of  Voles'  remains,  including,  as  I  believe,  all  the  im- 
portant specimens  hitherto  found,  I  am  led  to  the  following  oon- 
clnsions:  1st.  That  of  the  larger  forms  of  Vole  found  in  the 
"  Forest  Bed,"  the  greater  number  have  well-developed  fsngs  to 
the  cheek  teeth,  in  the  adult  condition,  and  on  this  account  they 
cannot  be  referred  to  the  common  Vole,  although  the  patterns  of  the 
teeth  are  almost  identical  in  the  two.  I  propose  therefore  to  call 
this  species  Arvicola  (tlvotomys,  Goues)  intermedia,  in  reference  to 
the  intermediate  position  which  it  occupies  between  the  Arvicola 
amphibia  and  Arvicola  (Evotomys)  glareola.  2ud.  That  it  is 
doubtful  whether  the  true  Arvicola  amphibia  really  occurs  in  the 
"  Forest  Bed."  All  the  examples  in  the  Oreen  Collection  which  are 
referable  to  this  species  are  from  Ostend,  and  it  is  just  possible  that 
they  were  obtained  from  an  cdluvial  deposit  which  is  known  to 
exist  in  the  neighbourhood.  Some  few  large  specimens  of  teeth 
from  West  Bunton  have  no  fangs,  and  may  possibly  be  A.  amphibia^ 
but  the  evidence  is  far  from  conclusive,  and  it  seems  best  to  put  a 
query  after  the  species.  3rd.  Hiat  most  of  the  smaller  Voles  are  to 
be  referred  to  A.  arvalia,  seeing  that  no  example  of  the  oharaoteristio 
second  upper  tooth  of  A,  agresiis  has  yet  been  obtained,  while  several 
examples  of  upper  teeth  with  five  angles  have  been  found.  4th.  One 
small  lower  jaw  with  fanged  teeth,  and  several  small  teeth  also  with 
fangs,  are  definite  evidence  of  the  occurrence  of  Arvicola  (Evotomys) 
glareola.  Limb-bones  of  the  larger  and  smaller  species  are  also 
known. 

Mas, — In  the  year  1869,  Prof.  Boyd  Dawkins  gave  the  Mus 
mmculiis  as  occurring  in  the  Pre-Olaoial  Forest  Bed  (Quart.  Journ. 
Geol.  Soo.  vol.  XXV.  p.  198),  but  there  seems  to  have  been  some 
mistake  about  this  specimen,  as  it  has  been  omitted  from  each  of  the 
lists  which  he  has  published  since  that  date.  However,  we  are  now 
in  a  position  to  re-insert  the  genus,  although  with  a  different  species ; 
for  Messrs.  C.  Keid  and  A.  Savin  have  each  obtained  a  portion  of 
a  lower  jaw  with  teeth,  and  both  these  agree  precisely  with  the 
recent  Mus  sylvaticm  both  in  size  and  in  the  arrangement  of  their 
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cusps,  and  differ  in  both  these  respects  from  the  M,  museulua.  These 
specimens  were  obtained  from  the  West  Ranton  Freshwater  Bed,  as 
were  also  certain  limb-bones  which  probably  belong  to  the  same 
species. 

Sdurus  vulgaris? — It  was  Professor  Oswald  Heer,  who  first 
noticed  that  some  of  the  Fir-cones  found  in  the  "  Forest  Bed  '^  had 
been  gnawed  in  a  manner  precisely  like  what  is  known  to  be  the 
work  of  the  recent  squirrel,  and  on  this  authority  Mr.  A.  Bell  intro- 
duced the  genus  Sciurus  into  his  list  of  Mammalia  from  these  beds 
(GreoL  Assoc  1871).  There  is  a  small  humerus  from  Ostend, 
in  the  Green  Collection  at  the  British  Museum,  which  agrees  so 
exactly  with  that  of  the  recent  Seiuru8  vtdgaris  that  there  is  little 
doubt  as  to  its  belonging  to  that  species.  It  is  supposed  to  have 
been  obtained  from  the  ''  Forest  Bed,"  but  there  is  the  same  doubt 
as  to  its  true  horizon,  as  there  was  seen  to  be  in  the  case  of  the 
Arvicola  amphibia,  and  therefore,  a  query  is  placed  after  the  species. 

Imseotivora. 

Talpa. — Since  the  publication  of  Oreen's  History  of  Bacton,  in 
1842,  the  Mole  has  been  recognized  as  belonging  to  the  "Forest  Bed  " 
Fauna.  The  characteristic  humerus  has  been  very  frequently  ob- 
tained from  the  Freshwater  Bed  at  West  Runton  and  Bacton,  and 
jaws  from  the  latter  place  are  referable  to  the  Talpa  Europaa,  and 
not  to  the  T.  caca, 

Sorex. — Prof.  Owen  recognized  two  species  of  Sorex  from  the 
"  Forest  Bed,"  which  he  thought  were  probably  8.  fodiens  and 
S.  remifer.  Little  more  can  be  said,  at  the  present  time,  than  that 
there  are  two  species  differing  in  size,  and  although  it  seems  to 
be  desirable  to  refer  them  to  the  S,  vulgaris  and  S,  pygmaus  f,  this 
change  from  the  names  given  by  Prof.  Owen  is  probably  chiefly 
owing  to  the  complex  synonymy  of  the  species,  which,  in  1846,  bad 
not  been  so  carefully  worked  out  as  it  has  since  been  by  Blasius 
and  Bell. 

Myogale  moschata. — The  lower  jaw  called  by  Prof.  Owen  PaUeo- 
spaUix  magnus  is  now  known  to  be  identical  with  that  of  the  recent 
Desman  of  Russia,  the  Myogale  moschata,  which  is  referred  by 
some  writers  to  the  genus  Sorex.  Several  jaws  and  limb-bones 
have  recently  been  obtained  from  West  Runton,  which  confirm  the 
identity  of  these  fossils  with  the  recent  form. 

List  of  thb  Rodentia  ajtd   Insectivora  of  the   **  Forest    Bed    Series," 
corrected  in  accordance  with  thb  above  notes^ 

(Tho0e  marked  with  an  asterisk*  are  new  to  the  "  Forest  Bed  Series/') 


Troffontherium  Cuvieriy  Owen. 
Castor  Europ^UB,  Owen. 
Arvicola  amphibia  ?  Linn. 

* intermedia^  n.  sp. 

arvalisy  Pall. 

glareola,  Schreb. 


Sciurus  vulgaris  ?  Linn. 
*Mus  sylvqticusy  Linn. 
Talpa  Europtray  Linn. 
Sorex  vulgaris^  Linn. 

pygtnuBus,  Pallas. 

Myogale  fnoschatay  Linn. 
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Y. — On  thb  Oorbvlation  of  thi  Lown  Palxozoio  Books  of 

BBITAm  AND  SOANBINATIA. 

By  Ghaslbs  Lafwokth,  F.G.S.,  etc., 
Professor  of  Geology  and  Mineralogy,  Maaon  Scienoe  College,  Binnmghain. 

IN  the  pages  of  the  Onol.  Mao.,  about  a  year  ago,^  I  oalled  attentioa 
to  the  rapid  growth  of  our  knowledge  of  the  eeqaenoe  and 
fossils  of  the  Lower  Palseozsoio  Books  of  Sweden,  throuffh  the  brilliant 
disooveries  of  the  offioers  of  the  Swedish  Oeologioal  Surrey ;  and 
pointed  out  what  appeared  to  myself  to  be  their  special  bearing 
upon  certain  controverted  points  in  British  G^logy.  During  the 
past  year  the  additional  results  obtained  by  the  same  group  of  earnest 
and  unprejudiced  observers  are  so  important  in  themselves,  and  have 
been  worked  out  with  such  care  and  elaboration,  that  we  have  now 
a  tolerably  complete  view  of  the  entire  Lower  PaliBOZoic  Succession 
in  the  S<»tndinavian  Peninsula,  and  are,  for  the  first  time,  in  a 
position  to  attempt  the  detailed  correlation  of  its  recognised  rock 
groups  with  their  representativeB  in  Britain. 

It  is  now  at  least  some  thirty*six  years  since  Murdiison  made  bis 
first  attempt  to  parallel  the  Scandinavian  Succession  with  that 
worked  out  by  himself  in  the  West  of  England ; '  and  more  than 
fourteen  years  since  he  put  the  finishing  touches  to  this  parallel  in 
the  classic  pages  of  "  Siluria." '  To  those  who  have  not  attentively 
studied  the  recent  advances  in  our  knowledge  of  the  Lower  Palseozoic 
formations  of  Britain,  Murchison's  parallel  still  appears  suflScient 
for  fidl  scientific  purposes.  But  all  earnest  students  of  British 
Palseozoic  geology  are  well  aware,  that  although  satisfactory  enough 
in  its  day,  it  has  long  ceased  to  be  of  any  practical  value ;  while, 
at  the  present  time,  it  has  the  positive  disadvantage  of  hiding  from 
geologists  in  general  the  many  striking  correspondences  now  known 
to  exist  between  the  Lower  Palseozoic  formations  in  Britain  and 
Scandinavia.  In  the  present  memoir,  therefore,  I  propose,  while 
directing  attention  to  the  valuable  data  recently  supplied  us  by  the 
geologists  of  Sweden  and  Norway,  to  treat  of  these  data  in  geological 
sequence,  to  indicate  as  briefly  as  possible,  a  few  of  the  chief  iK)int8 
of  identity  or  similarity  between  the  Lower  Palsdozoic  formations  as 
developed  in  Britain  and  Scandinavia,  and  to  construct  therefrom 
a  new  parallel  that  shall  summarize  our  present  knowledge,  and 
afford  the  working  geologist  a  general  idea  of  the  lines  upon  which 
his  future  investigations  may  most  profitably  be  directed. 

Section  I. — Cambrian  System. 

Under  the  name  Cambrian  I  include,  with  Dr.  Hicks,  all  the 
fossil iferous  strata  lyiug  between  the  basal  beds  of  the  Harlech 
Bocks  as  shown  at  St.  Davids,  and  the  provisional  line  drawn  at 
present  between  the  Lower  and  Upper  Tremadoc  Beds  of  Sedgwick 

>  Lapworth,  On  Linnarsson's  Recent  Discoyeries  in  Swedish  Geology,— Geologi- 
cal Magazine,  1880,  pp.  29,  68,  et.  seqq. 
*  Murchison,  Quart.  Joum.  Geol.  See.  yoI.  i.  p.  467,  1846. 
'  SJluha,  fourth  edition,  p.  348,  et  seq.,  1867. 
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and  Salter,  as  exhibited  in  the  typical  localities  in  North  Wales. 
These  limits  define,  with  sufficient  accuracy  for  our  present  purpose, 
the  strata  containing  the  First  or  Primordial  Fauna  of  Barrande,  as 
developed  in  Britain.  In  the  rocks  of  this  age,  two  distinct  faunas 
have  long  been  universally  recognized — a  younger  subfauna  marked 
by  the  preponderance  of  Trilobita  of  the  genus  Olenus  and  its  most 
intimate  allies,  and  an  older  subfauna  individualized  by  the  exclusive 
possession  of  the  remarkable  genus  Paradoxides.  Broadly  speaking, 
the  Olenidian  (or  O^fitM-bearing)  rocks  constitute  the  Upper 
Cambrian  of  Hicks,  and  the  Paradoxidian  (or  Paradoxides-hearing) 
his  Lower  Cambrian.  But  the  genus  Paradoxides  has  not  hitherto 
been  detected  in  the  thick  sandstones  and  flags  that  form  the  basal 
zones  of  Hicks'  Lower  Cambrian.  These  have,  as  yet,  yielded  little 
except  the  Annelide-burrows  and  markings  {ScolithuSj  etc.)  common 
in  sandy  deposits  of  all  ages.  It  is  certain  that  traces  of  more 
highly  organized  creatures  will,  in  the  future,  be  detected  in  these 
basal  beds,  but  it  will,  in  the  mean  time,  be  found  most  convenient, 
for  purposes  of  comparison,  to  allude  to  these  deep-seated  zones  as 
the  Annelidian  or  Scolithian  beds  of  the  Cambrian. 

Following  generally  the  classification  of  the  strata,  containing  the 
British  Primordial  Fauna,  proposed  by  Dr.  Hicks,  we  may,  at 
present,  regard  the  typical  Cambrian  System  of  Wales  as  being 
composed  of  the  following  members  : — 

(III.)  Upper  Cambrian  of  Hicks  {Olenidian  Division). 

(4)  Tremadoc  (Lower)  Group  of  Belt  and  Dr.  Callaway,  with  Asaphellus 

Homfrayi^  Dictyonema  sociak^  etc. 
(3)  Dolgelly  Group  of  Belt,   with  Parabolina  spinulosUf  "Wahl.,  Feltura 

aearabeoi'dfs,  Wahl.,  etc. 
(2^  Festiniog  Group  of  Belt,  with  Conoconjphe  tnacntra. 
(1}  MaentwTog  Group  of  Belt,  with  Olenus  gibbosus^  Agnostus  pisiformiSf 
Linn.,  etc. 
Lower  Cambrian  of  Hicks  {Paradoxidian  Division ^  etc.). 

(II.)  Menevian  Group  of  Hicks,  with  Faradoxidis  Davidis,  Salt.,  etc. 
(I.)  Harlech  Rocks  of  Hicks. 


!1)  Superior  Group,  with  Paradoxides^  Plutonia^  etc. 


[2)  Inferior  Group,  with  AmielideSj  Lingulella^  etc.  {Annelidian  Division). 

The  great  fossiliferous  Cambrian  System  of  Wales,  as  thus  defined, 
is  nearly  three  miles  in  vertical  thickness,  and  reposes  unconformably 
below,  both  at  St.  Davids^  and  in  the  Harlech  Region,*  upon  the 
nietamorphic  rocks  of  the  ArchaBan ;  while  in  both  these  areas  its 
highest  beds  are  surmounted  with  apparent  conformity  by  the  basal 
zones  of  the  succeeding  Ordovian  (or  Lower  Silurian)  System,  with  a 
new  and  distinct  fauna. 

Cambrian  System  in  Scandinavia. — Occupying  a  systematic  position 
identical  with  that  of  the  Welsh  Cambrian,  we  find  in  Scandinavia, 
as  the  first  of  its  Lower  Palaeozoic  Systems,  a  corresponding  series 
of  fossiliferous  sediments,  marked  by  a  similar  fauna.  As  in  Wales, 
also,  this  series  is  most  conveniently  regarded  as  being  separable  into 
two  main  divisions;  a  Lower  Division  of  sandstones  and  greywackes 
resting  unconformably  upon  the  Archaean,  and  an  Upper  Division  (the 

^  Hicks,  Quart.  Joum.  Geol.  Soc.  1877,  p.  238,  etc. 
s  Hicks,  Geol.  Mao.  1880,  p.  529. 
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well-known  Alum  8eh%9i$)  of  oaloareoos  and  pyritons  flagstones  and 
shales,  passing  up  oonformably  into  the  basal  beds  of  the  snooeedinff 
Ordoviaii  System,  with  its  distinct  fanna^  Bnt,  while  in  the  tjrpioal 
British  area  of  St  Davids,  tlie  Lower,  or  sandy  division  of  the  Cam- 
brian, oontains  examples  of  the  genus  Paradomdei  in  all  its  higher 
zones,  the  homotaxeous  arenaoeons  rooks  of  Soandinavia  show  no 
trace  whatever  of  the  presence  of  that  oonspionous  fossiL  It  is,  how- 
ever, present  and  abundantiy  prolific  in  the  lower  half  of  the  suooeed- 
ing  Alum  Sehiit  division.  Btenoe  it  has  been  contended  by  Linnarsson 
that  the  Alum  Schists  represent  the  whole  of  the  British  Trilobite- 
bearing  Cambrians,  and  that  the  underlying  sandy  strata  answer  to 
the  barren  basal  beds  below.  By  Dr.  Hicks,  on  the  contrary,  it 
was  believed  that  none  of  the  Alum  Sdiists  are  of  g^reater  antiquitj 
than  his  Menevian  Group,  and  that  the  Swedish  sandstones  represent 
merely  the  highest  zones  of  his  arenaceous  Harlech  Bocks.  For  m  j 
own  part,  though  I  suspect  that  the  deep-seated  Annelide-bearing 
sandstones  of  the  Oambrian  in  both  regions  ate  merely  rapidly 
deposited  arenaceous  bases  to  the  slowly  accumulated  Pandoxidian 
Bocks  which  overlie  them,  and  thus  of  slightly  different  geological 
sges  in  different  localities,  I  shall  here  conventionally  group  them 
together  under  the  general  title  of  Annelidiam  or  SeoUthian. 

The  Cambrian  Bocks  of  Scandinavia  have  been  subdivided  as 
follows : 

Norway  (Prof.  Kjerulf).* 

Primordial  Formation  (Kjerulf  J. 
II. — Olenus    Etage    (Alum   Schists), 
with   IHetyonema^    Feltura    aeara- 
beoides,  Wahl.,  Olenu*  ^ibbosus,W,^ 
Affnottus  pitdformit,  Lixm.,  etc. 


I.— Pa&adoxideb  Etaoe — 

Id.  Upper  Paradoxides  Nireao,  with 

Faradoxiden  Forchammeri,  An^. 
le.  Middle  Paradoxides  Niveau,  with 

Parndoxiden  Temniy  Brongn.,  etc. 
lb.  Lower  Paradoxides  Nireau,  with 

Faradoxidet  Ejeru\fi^  linrs.,  etc. 
la.  Sparaffmite  formation,  without 

foeailfl.* 


Sweden  (Linnarsson,  etc).* 

V. — DlCTTONEMA  SCHISTS,  With  Die- 

tyonemajlabelliforme^  Eichw. 
rV. — Olenus  Schists    (Upper   Alum 

Schista),  with  Feliura  tearabeoides, 

etc  ,  in  the  upper  zones,  and  Olenui 

pibbostUj  Wanl.,  and  Agno9tuB  pisi' 

formis,  Linn.,  in  the  lower. 
III. — Paradoxides    Schists    (Lower 

Alum    Schists),   with    taradoxidei 

Forchhammeri  in  the  hi^estbeds; 

Far.  Davidis,  Salt.,  and  F.  Hicksiif 

Salt.,  in  the  middle ;  and  Faradox. 

Kjerulfi,  Linrs.,  in  the  lower  cones. 
II. — FucoiD  Sandstone,  with  Fucoids 

(Annelides)  and  LUtguUlla  ? 
I.  —  EoPHTTON     Sandstone,    with 

Eophyton,  Crusiana  (Annelides),  and 

Obohta  ? 

Basal  Cambrian  Sandstones  {Awnelidian)  of  Sweden. — ^The  Annelide- 
bearing  Sandstones  which  lie  at  the  base  of  the  Cambrian  S^'stem 
of  Sweden  are  arranged  by  the  officers  of  the  Swedish  Greological 
Survey  in  two  main  divisions — the  Eophyton  Sandstone  and  the 
Fucoid  Sandstone,  The  first  of  these  reposes,  with  a  strong  tin- 
conformability,  upon  the  underlying  Archsean,  and  is  succeeded 
conformably  by  the  second,  which  graduates  conformably  in  its  turn 
into  the  overlying  Paradoxidian  zones. 

'  Linnarsson,  Geol.  Mao.  1876,  p.  241,  etc. 

2  Kjerult,  Die  Geologie  de3  Mittleren  Norwegen  (Bohn),  1880,  p.  66,  etc. 

'  Kjenilf,  ibid.  p.  145. 
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From  the  inferior  or  Eophyton  Sandstone,  Mr.  Linnarsson  has 
collected  the  enigmatical  fossil  which  gives  its  name  to  the  forma- 
tion, the  remarkable  Eophyton  Zinneanum,  together  with  a  peculiar 
Brachiopodous  shell  (Oholusf  monilifer,  Linn.),  forms  of  Fteropoda 
and  Sponges  (Astylospongia) ,  and  the  so-called  Annelides — Cruzianaf 
ArlhrophycfUy  eta 

The  succeeding  Fucoid  Sandstones  are  comparatively  barren,  the 
only  forms  yet  quoted  from  them  are  Lingida  f  favosa^  Linrs.,  and 
the  usual  Fucoid  tracks  and  burrows  of  worms,  etc. 

These  sandstones  are  well  developed  in  Westrogothia,  Ostrogothia, 
Nerike,  and  Scania.  Jn  the  last-mentioned  region,  the  entire  series 
occurs,  according  to  Angelin  and  Dr.  Lundgreu,  in  four  recognizable 
zones,  with  the  following  characters :  * 

(4.)  Greywacke  Sehistt  (50  feet),  containing  occasional  nodules  of  phosphorite, 

but  no  recognizable  fossils. 
(3.)   Hardeberga  Sandstone  (600  feet),   a  coarse-grained  hard  sandstone  with 

Qoartzose  matrix,  passing  into  grejwackes  in  the  upper  zones,  containing 

riicoid-markin^  and  burrows  of  Annelides. 
(2.)  Quartzite,  and  QuartziU  Conglomerate  (150  to  200  feet),  a  thick  hard  rock, 

bnttie,  with  conchoidal  fracture. 
(1.)  Zufjnat  Sandntone.     A  coarse  sandstone  (60  feet),  containing  (crystals  of) 

quartz,  felspar,  and  mica  —in  other  words,  an  arkoae,    Acconung  to  Angelin 

himself,  the  lowest  layers  of  this  sandstone  alternate  with  the  bedded  gneiss. 

Accord^  to  Linnarsson,  this  relation  is  open  to  question. 

If  (as  suggested  by  Lundgi'en)  zones  3  and  4  represent  the  Fwoid 
Sandstone,  that  formation  attains  here  a  maximum  thickness  of  650 
feet,  and  the  basal  or  Eophyton  beds  a  depth  of  250  feet.  The  thick- 
ness of  the  same  formations  near  Oland  is  estimated  by  Sjogren  at 
350  feet  and  150  feet  respectively.'  In  Westrogothia  they  have  a 
collective  thickness  of  from  70  to  80  feet.* 

Alum  Schist  Formation  of  Sweden, 
The  Upper  or  Alum  Schist  formation  of  the  Swedish  Cambrian 
System  attains  its  typical  development  in  the  classical  locality  of 
Andrarum  in  Scania,  where  its  two  grand  divisions — the  Lower 
chanicterized  by  Paradoxides,  and  the  Upper  by  Olenus — are  highly 
fossiliferous,  and  admit  of  such  a  minute  examination  in  situ,  that 
it  has  been  found  possible  to  subdivide  them  into  several  distinct 
palsBoutological  zones,  and  to  give  a  tolerably  exact  estimate  of  the 
vertical  thickness  and  characteristic  fossils  of  each. 

Angelin,  misled  by  the  highly  prolific  nature  of  the  ParadoxideS' 
bearing  limestone  of  this  locality,  originally  assigned  it  a  systematic 
position  superior  to  that  of  the  Olenvs-heiwing  beds ;  *  his  regio  A, 
(Olenorum),  to  which  he  referred  the  generality  of  the  Primordial 
Beds  of  Scandinavia,  being  regarded  by  him  as  inferior  to  his  regio 
B.  (Conooorypharum),  and  being  supposed  to  occur  only  at  Andrarum 
and  in  the  island  of  Bornholm.     Linnarsson,  from  his  studies  in 

*  Lundgreu,  text  to  Angelin's  Geologisk  Ofversigts-Karta  ofver  Sk&ne,  pp.  12-18. 

»  Sjogren,  Bidrag  till  Glands  Geologi.  Ofvers.  K.  V.  Forh.  1871,  p.  675. 
'  Linnarsson,  Vestergotlands  Cambriska  och  Siluriska  Bildningar  Kougl.  Svenska. 
Vet.-Akad.  Handlingar,  1869,  pp.  29,  55. 

*  Angelin,  Palaeontologica  Scandinavica,  pp.  iii,  iy. 


Wesirogotiiia^  showed  thafc  the  0biMt4ieariiig  efcnta  flieie  mokwiSkj 
overlay  the  heds  with  Comoearfpke  and  PmraJbmUlm.^^  The  eune 
fact  was  also  sabBequentlj  demonetnifted  fiir  the  typioel  Soaaiaa 
localities  by  Dr.  Nathorrt»*  whoee  oontribiituMie  to  this  question, 
brief  as  they  aie,  are  already  elsarioal  in  tiie  history  of  Swedish 
geology.  The  literatare  of  the  sabjeot  is  slready  Yoliiminoiis ;  and, 
as  might  have  been  antioipated,  all  the  most  woaUe  oontribatioiis 
are  from  the  palasontological  side.  Ohiefest  of  these  are  the  memolis 
of  Mr.  Linnarsson,  the  aooomplidied  palsBontologist  of  the  Swedish 
Survey,'  whose  every  paper  is  a  model  of  laborious  aooaraoy  and 
cautious  generalization;  of  Professor  Torrel;*  of  Mr.  GKterai,'  and 
others.  Within  the  last  few  months  the  development  of  tibe  fossili* 
ferous  Cambrian  deposits  of  the  typical  locality  of  Andxamm  has 
been  summarized  with  great  care  by  Dr.  Sven.  Tollbexg,  in  the 
introductory  part  of  his  most  vsloable  memoir  npon  the  **  Agnostos- 
species  of  the  Cambrian  suooession  of  Andramm.*** 

(Paradoxidian  Divtstoii}. — Acoordinff  to  Lmnarsson  the  Paro- 
doxidfes-bearing  strata  of  Sweden  fell  most  natorally  into  six 
divisions,  viz. — 

6.  Stnta  wiih  Agno&tm  lavifmHu,  Dalman. 

6.       ,.       „     Faradaxides  Forehhammeriy  Angelin. 


4. 

3. 
2. 
1. 


„  Faradoxides  olandieus,  Sjogren. 

„  Paradoxides  Davidis^  Salt. 

„  Paradoxides  Tensini,  Brongn. 

,,  Paradoxides  Ejeruljfly  Linnrs. 


With  one  exception  (that  of  No.  4)  all  these  zones  are  recognizable 
at  Andrarum,  and  judging  from  the  elaborate  tables,  figures,  and 
notes  given  in  Dr.  TuUberg's  recent  memoir,  they  appear  to  have  the 
following  local  characteristics : — 

1.  The  lowest  zone  {Paradoxides  Ejerul/i  zone  of  Linnarsson)  consists  of  about  20 

feet  of  schists  reposing  at  a  small  angle  npon  the  basal  sandstones  of  the 
re^on.  Its  deepest  beds  are  grejwacke-like  schists,  with  Paradoxides  Ejerulfi^ 
Lmnrs.,  forms  of  Ellipsoeephalu$  and  ArioneUm^  and  LinguleUa  Nathorstif  liiuL. 
Next  follow  phosphorite-bearing  limestones  and  alum  schists,  with  fra^ents  of 
a  Paradoxides  resembling  P,  Sjogreni,  Linnrs.,  and  the  zone  is  termmated  by 
alnm  schists  with  Agnostus  atavtu^  Tullberg. 

2.  The  following  zone  (paradoxides  Tessini  zone  of  Linnarsson,  P.  ffieksii  zone  of 

Torrel)  has  a  total  thickness  of  about  30  feet.  It  appears  to  be  capable  of  sub- 
division into  at  least  three  subzones,  viz. — 

*  Linnarsson,  Bidtrag  till  Yestergotlands  geologi,  O.K.  Yet.  Ak.  1868. 

*  Nathorst,  Lagerfolgen  Cambri^a  formations  vid  Andrarum,  O.K  V  Ak.  Forh. 
1869 ;  Eambriska  och  Siluriska  lagren  yid  Eiviks  Esperod,  etc.,  ibid.  1876. 

'  Compare  Linnarsson,  Yestergotlands  Cambriska  och  Siluriska  aflagrins^r  K. 
Yet.  Ak.  Handl.  J869;  N&gra f orsteningar  f r&n  Sveriges  "Primoirdialzon,*'O.K.Y.A. 

Forh.  1872 ;  Ofversigt  Nerikes  Ofverg&ngsbildningar,  ibid.  1876 ;  Brachiopoda 
of  Paradoxides-beds  of  Sweden,  ibid.  1876 ;  Fauna  i  Ealken  med  Conocoryphe 
exsulans,  Publications  Swedish  Geol.  Survey,  1879;  Fosteningame  in  svenska 
lagren  med  Peltura  och  Spkarophthalmus,  Geol.  Forens.  Forh.  1880,  etc.,  etc. 

*  Torrel,  Petrificata  suecana  formationis  cambricee,  Lund,  1869-70. 

*  Sjogren,  Anteckningar  om  Gland,  Ofvers  K.Y.Ak.  Forh.  1861 ;   Bidrag  Olands 

Geologi,  ibid.  1871 ;   N&gra  f orsteningar  Olands  Eambriska  lager,  Geol.  For.  Forh. 
1872,  etc. 
^  Publications  Swedish  Geological  Survey,  1880. 
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a.  Exsulant  Zimstton$  (or  subzoneof  Paradoxide*  palpefnro»u*)^  consisting  of  five  or 
six  feet  of  bituminous  limestone,  marked  by  the  rich  fauna  described  in  1879 
by  Mr.  Linnarsson/  of  which  the  chief  forms  are:  Faradoxides  Tenaiuiy 
Brongn.y  P,  Hieksii,  Salt.  (yar.  palpehronu*),  Zioatraeus  aculeatwsj  Aug., 
Omocoryphe  exnUans,  Linn.,  C,  Dalmanni^  Aug,,  Agnoatus  gibhus,  Linnrs.,^. 
fallaxj  linnrs.,  Aerothele  intermedia^  Linnrs.,  OboUlla  tagittalia,  Salt.,  and 
forms  of  Hyolithu»  and  Lingulella.^ 

b*  Subzone  of  Paradnxidea  Hicksiiy  Salt,  (typicalis),  consisting  of  from  12  to  16 
feet  of  flaggy  beds  containing  some  survivors  of  the  foregoing  forms,  together 
with  Conocaryphe  Dalmanni  and  LtoatracHt  Linnarssotti. 

€,  The  terminal  subzone  consists  of  schists  about  ten  feet  in  thickness,  in  which 
Paradoxides  Tesaini  is  still  present,  but  in  which  we  have  no  longer  evidence 
of  the  existence  of  Paradoxides  JSicksii,  The  remaining  forms  are  species  of 
Agnostidat  {c\6.e^j  Agnontun  rex^  Barr.,  A. parvifronsy  Lmrs.,  AgnoatusfallaXy 
Lmrs.),  ana  a  form  of  Murodiaeus. 

3.  The  next  twenty-five  feet  of  strata  may  be  roughly  designated  as  the  Zone  of 

Paradoxides  iavidie^  though  this  species  is  only  doubtfully  present  in  the 
highest  beds.    The  commonest  fossils  are  Agnostida. 

4.  The  Paradoxidea-Davidie  beds  are  capped  immediately  by  some  two  or  three 

feet  of  highly  fossiliferous  limestone — tne  well-known  **  Andrarum  Limestone,** 
or  Zone  of  Paradoxides  Forehhammeri,  In  addition  to  the  characteristic  species, 
it  contains : — 

Paradoxides  LpveniyAug.f  Agnoatua  glandiformia, Ang.y  Agnoatua  brevifrons, 
Aug.,  Agnoatua  aculeattia^  Aug.,  C^nocuryphe  sp.,  Selenophura  braehymetopay 
Aug.,  Hyolithus  tenuiatriatusj  Linrs.,  Acrotreta  aoeialiaj  Seebh.,  Oboklla 
sagittaliSf  Salt.,  Aerothele  eoriaeeoy  Linrs.,  Kutorgina  eingulatay  Bell,  etc, 

5.  The  terminal  zone   of    the  Paradoxidian  at  this  locality  is  marked    by  the 

presence  of  AgnoattM  Utvigatus,  Dalm.,  a  form  which  occurs  also  in  the  under- 
lying Andrarum  Limestone.  The  beds  of  this  zone  are  only  about  five  feet  in 
tiiicKness,  and  are  separated  from  the  overlying  Olenus-bearing  rocks  by  a  bed 
of  Alum  schist,  about  six  feet  in  depth,  wholly  destitute  of  organic  remains. 

(Olenidian  Division). — The  Swedish  geologists  usually  break  up 
the  fossiliferous  strata  that  intervene  between  the  summit  of  the 
Paradoxidian  and  the  basal  zone  of  the  Ordovian  (or  Lower  Silurian 
System)  of  Sweden  into  two  chief  subdivisions — a  lower  division  of 
Oleniu  schinis  and  an  Upper  Division  of  Diciyonema  schists.  In 
Scania  the  Dictyonema  schists  are  not  recognizable  as  a  distinct 
group;'  but  they  may  possibly  be  represented  by  the  highest 
Olenus-bearing  beds  of  that  region,  which  occasionally  yield  frag- 
ments of  Graptolithina,  possibly  refemble  to  the  genus  Dictyonema. 
In  any  case  the  Olenus  beds  and  the  Dictyonema  Schists  belong  to 
one  and  the  same  systematic  rock-gioup,  which,  like  that  of  the 
corresponding  Welsh  Upper  Lingula  Flags,  is  easily  distinguished 
palseontologically  by  its  collective  fauna  from  the  Paradoxidian 
below,  and  the  basal  beds  of  the  Ordovian  above  :  and  as  the  genus 
Olenus  is  most  characteristic,  and  apparently  occurs  throughout  the 
entire  series,  I  shall  here  refer  to  the  collective  group  as  the  Olenidian 
or  Upper  Cambrian. 

According  to  Dr.  Lundgren,*  the  Olenus-bearing  strata  of  Scania 
contain  the  following  recognizable  zones : — 

^  linnarsson.  Fauna  af  Exsuian8-\iaiV.,  Publications  Geol.  Sur\'ey  Sweden,  Series 
3,  Ko.  36,  1879. 

*  Comp.  Ijapworth,  Geological  Magazine,  1880. 

*  Linnarsson,  Geol.  Mag.  1876,  p.  42. 

*  hundgren,    Ueber    Angelinas   geol.  Uebersichts-Karte    von    Schonen,    Neuen 
Jahrbuch  fiir  Mineralogie,  etc.  1878. 
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7.  Zone  of  Q^chftuUkiu  mkrtpiffm,  Lamn. 
6.        „     JVftMf  9omrmk$9ii$9t  wahL 

3.        ^     .B^frrieAMi  AnftUm^  Bair. 
2.        „     OfatiM  tnmomtm^  Broon. 
1.        ,,      Olemu  giUonii,  WahL 

(1,2).  In  the  typioal  section  of  Andramm,  the  basal  sones  1  and 
2  appear  to  be  only  dubiously  sepaiable,  judging  from  the  oarefblly 
prepared  section  and  tables  of  Dr.  TuUberg;^  They  are  nnitedlj 
about  twenty  feet  in  thickness,  and  contain  thron^^ut  the  well- 
known  AgnoBiua  pUifomUi  of  LinnsBUs.  The  indnded  species  of 
0fenu8  (0.  truneatttSf  Bronn,  and  0.  gihboBUM^  Wahl.,  0.  atUmuaitu) 
appear  to  occur  together  in  the  central  horisons.  (3.)  The  soooeedin^ 
five  feet  of  shale,  with  Beyriekia  Aagdini^  Barr.,  Agno9tm  effcUfpffge^ 
Tullb.,  and  forms  of  (Henm  and  Oaratapyget  may  be  assigned  to  the 
third  zone.  (4.)  The  fourth  asone,  distinguished  by  the  posaeasion 
of  the  remarkable  ParahcUna  sptntibaa,  WahL,  is  about  ten  feet  in 
vertical  extent  (5.)  Zone  5  is  about  the  same  thickness,  and  is 
individualized  by  the  presence  of  Leptopla§iu$  oratm^  L.  itemotuB^ 
Eurycare  angustatumy  Ang.,  E.  camtcrtoorM,  Aug.,  and  a  form  of 
Spharophthalmua.  (6.)  Zone  6  is  one  of  the  best-marked  zbnea  in  the 
series.  Tt  appears  to  be  about  twelve  feet  in  thickness,  and  is 
characterized  by  Peltura  scaraheoidea,  Agnostus  trifectus,  Salt., 
Ctenopyge  pecten,  Salt.,  sp.,  Ctenopyge  hiaulcata,  Phill.,  sp.,  etc.  (The 
fossils  of  this  zone  have  been  recently  described  by  Liunarsson  in  a 
valuable  memoir  that  will  be  noticed  later  on.)  (7.)  Finally,  we 
have  a  terminal  zone  about  eight  feet  in  thickness,  containing 
Cyclognaihus  micropygus^  Linn.,  and  forms  of  Acerocare  and  Orih%$. 

{To  be  continued  m  our  next  Number.) 
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I. — Address  on  the  Aoe  and  Relation  of  the  so-called  "Fobbst- 
bed"  of  the  Nobfolk  and  Suffolk  Coast.* 

By  J.  H.  Blakx,  AssocM.Inst.C.E.,  F.G.S. ; 

of  H.M.  Geological  Surrey  of  England  and  Wales; 

President  of  the  Norwich  Geological  Society. 

AFTER  referring  to  the  many  conflicting  opinions  expressed  on 
the  subject,  Mr.  Blake  called  attention  to  his  paper  "  On  the 
Age  of  the  Mammalian  Rootlet-bed  at  Kessingland,"  and  continnod 
as  follows : — I  stated  it  marked  an  horizon  of  considerable  importance 
with  respect  to  the  correlation  of  the  beds  in  Norfolk  and  Suffolk,  and 
occurred  at  the  upper  part,  or  thereabouts,  of  what  is  generally  known 
as  the  Cromer  Pre-glacial  Forest-bed  Scries,  and  beneath  the  Lower 
Glacial  Series  of  Messrs.  Wood  and  Harmer.^  This  line  is  a  line  of 
denudation,  and  indicates  in  places  a  true  land-surface,  proved  by 
rootlets   m  sitUy   observed  by  myself  at  the  extreme  ends  and  in 

*  Tullberg,  Agnostus-Artema  vid  Andramm,  pp.  8,  9,  etc. 

'  Abridg^  from  the  Proceedings  of  the  Norwich  Geological  Soc.,  toI.  i.  pp.  137-160. 

3  Geol.  Mao.  Dec.  II.  Vol.  IV.  p.  299. 
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numerous  interreniDg  places.  It  is  a  divisional  line  that  for  many 
reasons,  in  my  opinion,  marks  the  boundary  between  the  FHoccne 
beds  and  the  Drift  or  Glacial  formations. 

Much  black  peat  and  compressed  wood  occasionally  occur  in  places 
along  this  horizon ;  sometimes  immediately  lying  on  the  surface  of  the 
rootlet-bed,  at  others  lying  in  basin-shaped  hollows  scooped  out  of  this 
same  deposit,  which  in  places  contains  freshwater  shells  and  fresh- 
water beds  associated  with  it,  such  as  the  well-known  UhioAyeds,  etc. 
Drifted  wood  and  other  vegetable  matter  occasionally  occur  in  the 
formations  above  and  below  this  line,  in  considerable  quantities  in 
certain  localities,  as  at  Bacton  and  elsewhere. 

Again,  Mammalian  remains  are  to  be  found  in  abundance  in  this 
rootlet-bed,  in  some  of  its  associated  freshwater  black-beds,  and 
in  the  beds  underlying,  down  to  the  chalk,  but  never  (or  hardly  ever 
— ^never  so  far  as  my  actual  observations  have  gone)  in  any  of  the 
Bure  Valley  beds  overlying.  A  few  have  been  recorded  as  having 
been  fonnd  at  the  base  of  the  Bure  Valley  beds  in  some  inland  pit- 
sections  around  Norwich  and  other  parts,  immediately  overlying  the 
denuded  surEace  of  the  Chillesford  clay.  These  may  have  beea 
derived  from  the  beds  beneath,  or  the  denuded  rootlet-bed,  if  it  ever 
extended  so  far  inland.  However,  the  rule  is,  to  find  them  where 
I  have  stated,  and  previous  searchers  and  writers  corroborate  my 
investigations  and  remarks  in  this  respect.  To  speak  generally,  this 
divisional  line,  which  I  consider  marks  the  top  of  the  Pliocene  beds, 
occurs  about  midway  between  the  base  of  the  Cromer-Till  (which,  as 
a  rule,  is  a  very  marked  line)  and  the  Chalk,  or,  more  strictly  speaking, 
a  little  nearer  to  the  Chalk ;  and  inasmuch  as  the  greatest  thickness 
of  the  beds  between  the  Cromer-Till  and  the  Chalk  is  seldom  so  much, 
and  nowhere  more  than  from  about  26  to  30  feet  (which  is  about  the 
maximum  thickness  of  them  in  some  places  in  the  neighbourhood  of 
Sherringham  and  Runton),  the  Pliocene  beds,  or  what  remains  of 
them,  are  consequently  but  about  13  to  15  feet  in  thickness,  and 
rarely  to  be  seen  so  much  as  that 

The  nature  of  this  rootlet-bed  can  be  best  studied  at  Kessingland, 
where  it  is  well  developed,  and  generally  more  or  less  exposed.  It 
mostly  consists  of  a  stiff  clay  of  a  greenish-grey  colour,  sometimes 
mottled  with  brown;  it  contains  white  concretions  (**race"),  many 
scattered  little  black  flints,  and  in  places  numerous  mammalian 
remains,  scattered  throughout  its  mass,  and  averages  from  about  4  to 
10  feet  in  thickness,  sometimes  forming  a  distinct  homogeneous  bod 
of  clay,  and  sometimes  containing  indications  of  stratification  with 
sand;  thousands  of  rootlets  have  been  observed  by  myself  in  it,  in 
a  vertical  position  as  they  grew 

The  relation  of  this  rootlet-bed  to  the  beds  beneath  it  is  of  especial 
interest,  and  can  be  best  studied  at  the  extreme  ends,  viz.  at  Kessing- 
land  and  "Weyboume,  where  the  lower  beds  rise  up.  We  will  first 
deal  with  the  Kessingland  end.  During  my  researches  there,  I  have 
seen  the  extreme  southern  part  of  the  cliff  from  the  road  to  the 
flagstaff  well  exposed,  that  portion  usually  being  hid  by  talus  and 
blown-sand.  The  section  exhibited  was  the  rootlet-bed  4  feet  in 
thickness,  underlaid  by  2  or  3  feet  of  buff-coloured  pebbly  sand,  and 
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that  by  4  feet  or  more  of  hminated  giey  and  xeddLBh^^farowa  ebyg 
ferragmouB  in  plaoes  and  oontaining  coneietionBy  and  also  ciummi 
contortions  in  the  lower  pait  3t  the  aonthem  end,  the  total  thinlnwiM 
not  being  shown.  This  laminated  grey  day,  witti  eazioQs  etnitortiM 
in  it,  is  precisely  similar  to  that  at  the  north  end  of  Covehithe  Gliffii 
and  after  going  backwards  and  forwards  from  one  diff  to  the  othiif^ 
on  several  different  occasions,  I  oonld  not  resist  the  eonidnsion  tiM 
it  was  the  extension  of  the  same  fonnatilon,  designated  the  ChilledMI 
beds.  These  Chillesford  beds,  c<msisting  of  laminated  grey  micaeeMHi 
clay  and  boff-colonred  sand,  oocnr  beneath  the  rootlet-bed  in  sereni 
places  at  the  base  of  the  cliff  at  Kessingland,  and  are  exposed  aiN 
on  the  foreshore  after  a  scour  of  the  b€»ch.  I  had  prerionsly  fsB 
inclined  to  refer  these  laminated  beds  to  the  same  age  as  those  to  tl 
seen  in  the  next  cUff  (Govehitiie)  to  the  south  of  it,  but  was  deto< 
mined  to  make  a  thorough  inyestigation,  and  exhaust  the  evideneei 
as  far  as  circumstances  would  pormit,  before  stating  mj  convktiona 
When  these  laminated  beds  are  tcaoed  further  south  to  Easton  Baf«Bi 
cliff,  it  is  well  known  still  lower  beds  come  up,  via.  the  ^'  Norwioh 
Crag,"  underlying  the  Chilleflfoid  day,  and  forming  a  slight  antidiaaL 
Had  a  Forest-bed  existed  at  ^e  base  of  the  Chilles£ord  day,  aa  has 
sometimes  been  supposed,  we  should  have  anticipated  seeing  it  come 
up  here,  but  what  we  see  is  the  *'  Norwich  Crag." 

Now  we  will  go  to  the  Wey bourne  end,  and  see  what  is  revealed  to 
us  there.  At  about  300  yards  to  the  east  of  the  flagstaff,  the  follow- 
ing section  was  seen  by  myself  and  my  colleague,  Mr.  Beid,  who  first 
pointed  it  out  to  me  (I  having  previously  requested  him  to  keep  a 
sharp  look-out  for  rootlets  along  a  certain  horizon  between  the 
Chalk  and  Cromer  Till).  The  section  was  a  very  dear  exposure  oi 
a  lenticular  patch  of  the  rootlet-bed  immediately  underlying  the 
Contorted  Drift  or  Lower  Boulder-clay.  I  minutely  examined  the 
deposit,  which  measured  3  feet  in  thickness,  and  found  it  consisted  oi 
its  usual  character,  being  an  unstratifled  greenish-grey  clay,  with 
numerous  small  black  flmts  dispersed  throughout  its  mass,  and  it 
contained  rootlets  in  a  vertical  position  as  they  grew.  The  lenticulai 
patch  rested  on  laminated  grey  clay,  which  was  4  or  5  feet  thick ; 
beneath  which  was  a  little  buff-coloured  sand,  and  then  3  feet  oi 
Norwich  Crag,  consisting  of  a  mass  of  shells  resting  on  the  Chalk, 
the  surface  of  which  is  very  irregular  here. 

Thus,  it  will  be  seen,  that  the  relation  of  the  rootlet-bed  to  the  beds 
beneath  it,  coincides  at  the  extreme  ends ;  and  there  is  nothing  to  be 
seen  anywhere  between  these  two  points  to  interfere  with  this  relatioii 
of  the  beds ;  but,  as  they  frequently  occur  on  a  lower  horizon,  th< 
lowest  beds  are  seldom  well  exposed 

It  is  time  now  to  inquire,  where  is  the  Forest-bed  ?  I  reply,  I  knovi 
of  no  other  land-surface  anywhere  round  the  Norfolk  and  Suffolk 
coast,  except  the  one  I  have  described  under  the  designation  of  th< 
Rootlet-bed,  on  account  of  the  rootlets  in  situ  marking  the  boundary- 
line,  and  having  been  the  means  of  tracing  the  line. 

During  five  years  I  have  searched  in  vain  for  a  stool  of  a  tre< 
in  situ ;  and  the  members  of  this  Society  are  well  aware  of  the  result 
of  the  investigations  of  my  colleague  Mr.  Reid,  in  the  same  direction 
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also  what  Mr.  Norton,  F.G.S.,  has  written  on  the  same  subject. 
^    stools  of  trees  ever  have  been  seen  in  sittk,  it  is  my  firm  conviction 

iicy  were  rooted  on  the  same  land-surface  I  have  described 

The  true  stratigraphical  position  of  the  Rootlet-bed  (frequently 

called  a  Forest-bed)  is,  however,  of  considerable  geological  interest. 

ikJH  the  evidence,  as  shown  by  superposition,  etc.,  in  my  opinion 

clearly  points  to  the  conclusion,   that  it  immediately  overlies  the 

CbiUesford  clay.     The  Rootlet-bed  in  some  cases  apparently  being  a 

freshwater  deposit,  as  at    Gorton    and  at  Kessingland ;    sometimes 

.forming  a  distinct  and  separate  bed  one  stage  more  recent  than  the 

Cbille^ord  clay,  and  sometimes  apparently  passing  down  into  the 

Chillesford  clay,  forming,  as  it  were,  the  uppermost  portion  of  the 

Bame ;  at  other  times  it  is  to  be  seen  lying  on  a  more  or  less  denuded 

sorface  of  the  Chillesford  clay,  as  at  Wey bourne 

Now  we  come  to  a  very  important  part  of  the  history  of  this  so- 

ealled  Forest-bed,  viz.  the  true  age  of  the  mammalian  remains,  which 

ire  referred  to  the  period  of  the  "  Forest-bed  "  or  **  Forest-bed  Series," 

and  which,  as  you  are  aware,  are  at  the  present  time  undergoing  a 

very  careful  investigation  by  my  colleague  Mr.  E.  T.  Newton,  F.G.S. 

(Asaistant  Naturalist  to  the  Geological  Survey),     In  this  analysis,  it 

is  all  important  to  know  where  each  specimen  was  actually  found,  and 

from  what  bed  it  was  derived.   If  there  is  any  doubt  as  to  the  relation 

of  the  beds,  much  confusion  must  necessarily  ensue.     Some  writers, 

in  giving  a  history  of   this   so-called  **  Cromer  Forest-bed,"  have 

inferred,  that  the  animals  whose  remains  we  find  round  that  coast 

^ited  in  a  forest  that  existed  in  that  very  locality.     Nothing  can  be  more 

erroneous,  in  my  opinion,  the  facts  being  entirely  against  any  such 

conclusion.     Marine  or  estuarine  conditions  prevailed  at  the  time,  as 

proved  by  the  numerous  marine  and  estuarine  shells,  with  occasionally 

a  few  freshwater  intermixed,    and  in   places   alternating  with   the 

Diarine,  which  have  been  traced  by  my  colleague  Mr.  Reid  along 

the  foreshore  from  Weyboume,  where  the  formation  rests  on   the 

Chalk,  to  Sidestrand,  on  the  east  of  Cromer,  a  distance  of  about  ten 

Biilea;    and  they  reappear  again   in   the    lower  part    of    the   cliff, 

further  south,  at  Easton  Bavent,  the  intervening  space  lying  now 

at  too  low  a  level  for  them  to  be  observed.  .  .  .  The  timber  may  have 

been  derived  from  a  forest ;  but  the  forest  itself  may  have  been  situated 

iniles  away  from  where  we  now  find  the  remains  of  it ;  and  so  likewise 

the  Elephants,  Hippopotamuses,  Rhinoceroses,  Deer,  and  other  animals 

may  have  lived  and  died  miles  away  from  where  we  now  find  their 

scattered  and  commingled  remains,  intermixed  in  places  with  marine, 

freshwater,  and  a  few  land  shells.     The  term  Forest-bed  can  only  be 

correctly  applied  to  a  bed  forming  a  land-surface,  and  on  which  a 

forest  grew 

I  use  the  term  **  Rootlet-bed"  in  contradistinction  to  **Forest- 
W,"  inasmuch  as  up  to  the  present  time  no  reliable  evidence  of 
forest  growth  has  been  observed  in  sitHi  upon  it,  and  also,  as  pre- 
^ously  stated,  because  the  rootlets  have  been  the  means  of  tracing 
the  land-surface.  The  rootlets  which  mark  the  horizon  are  all 
Bimilar  in  nature ;  but  it  has  not  yet  been  determined  to  what 
vegetable  growth  they  belong  ; — it  is  to  be  hoped  some  botanist  will 
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come  to  our  asastaiice.  The  snrhoe  wis  probably  a  marsh-land,  all 
the  evidenoe  pomtmg  to  that  conoliisioii,  on  which  trees  may  or  nurf 
not  hare  grown, — hut  net  neematurUjf  aforut* 

I  would  therefore  draw,  attention  to  the  fiict,  that  portions  of  the 
land-surface,  marked  by  the  rootlets,  have  frequently  been  called  the 
''  Forest-bed."  Prof.  Prestwich  considers  the  rootlets  as  evidence  of 
the  Eorest-bed  at  Eessinglsnd.  Mr.  GKinn,  on  sn  excursion  of  this 
Society  on  one  occasion  to  Corton«  alluded  to  the  ''Porest-bed" 
peeping  out  at  the*  base  of  that  cliff ;  which  deposit,  however,  was 
this  same  Eootlet-bed 

After  these  more  or  leas  marine,  estuaxine  and  freshwater  deposits 
became  land,  there  was  apparently  a  pause  for  some  little  time.  Then 
came  about  the  grand  subsidence  of  the  whole  beneath  the  sea  (ss 
proved  by  the  marine  shells  in  the  middle  part  of  the  Bure  Valley 
Beds  at  Runton,  overlying  the  Bootlet-bed,  such  as  L$im  mjfglii  and 
Mya  truneata,  both  witii  their  valves  united,  etc.  Also  by  the  marina 
and  estuarine  shells — which  have  been  sometimes  emm$ou$fy  called 
Crag — ^that  overlie  the  rootlet-bed  at  Baoton,  etc.,  etc.).  Thus  was 
apparently  ushered  in  the  Drift  or  Oladal  period.  During  the  earliest 
part  of  this  subsidence,  the  Bootlet-bed  (as  might  reasonably  be 
imagined)  was  more  or  less  denuded,  together  with  the  Chillefi^ord 
Clay  immediately  underlying  it ;  then,  all  the  gravels,  clays,  loams  and 
sands,  forming  the  greater  part  of  the  cliffs  and  land  of  Norfolk  and 
Suffolk,  were  piled  up  more  than  150  feet  in  thickness  in  places  over 
this  old  marshy  land-surface,  flatteniug  and  compressing  the  wood  and 
other  vegetable  matter  that  were  first  scattered  over  it.*  Eventually 
these  deposits  were  upheaved,  and  the  present  configuration  of  the 
country  brought  about,  with  the  assistance  of  sulmerial  agencies. 
But  the  remarkable  fact  relating  to  this  upheaval  is,  that  the  old 
marshy  land-surface,  though  more  or  less  squeezed  and  twisted  about, 
was  brought  up,  for  the  most  part,  apparently  to  about  the  same  level 
with  respect  to  the  sea,  as  it  probably  occupied  when  the  vegetable 
matter  grew  on  its  surface. 

As  mentioned,  with  possibly  a  few  trifling  exceptions,  all  the 
mammalian  remains  are  to  be  found  buried  beneath  the  more  or  less 
denuded  surface  of  the  Bootlet-bed  and  the  Chillesford  Clay.  The 
formations,  underlying  this  marked  line  of  unconformity,  being  the 
**  Rootlet-bed,"  with  its  associated  freshwater-beds,  the  **  Chillesford 
Clay,"  and  the  "Norwich  Crag";  and  in  all  these  formations, 
mammalian  remains  with  drifted  wood  are  to  be  found. 

Much  unnecessary  complication  and  confusion  in  the  dassiffcation 
and  nomenclature  of  these  Pliocene  or  Prc-glacial  beds,  which  occur 
around  the  Norfolk  and  Suffolk  coast,  has  been  caused  by  the  term 
"Forest-bed  Series,"  as  introduced  in  the  year  1870  by  Mr.  Gunn,' 
and  to  its  assumed  stratigraphical  position.  It  is  stated  by  him  to 
consist  of  a  triple  subdivision,  viz.  "the  Rootlet-bed,"  "Forest-bed," 
and  "  Soil  of.  the  Forest-bed" ;  which  sequence  of  deposits,  however, 

*  Recently  at  East  Dereham— situated  in  the  middle  of  Norfolk — Glacial  Drift 
deposits,  120  feet  in  thickness,  have  been  proved  by  a  well-boring  to  overlie  the 
Chalk ;  the  pre-glacial  beds  being  absent.  See  Proc.  Norwich  Geol.  Soc.  vol.  i. 
page  127.  '  Quart.  Joum.  Geol.  Soc.  vol.  xxri.  p.  553. 
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I  contend — ^with  all  due  deference — ^is  merely  hypothetical,  inasmuch 
as  it  can  nowhere  he  proved  to  exist.  It,  moreover,  indicates  no 
age  whatever,  heyond  heing  placed  in  the  puhlished  section  in  the 
Quarterly  Journal  *  beneath  the  Chillesford  Clay  and  Norwich  Crag ; 
which  order  of  superposition  can  bo  demonstrated  to  be  entirely 
erroneous!  Consequently,  it  is  not  only  desirable,  but  clearly  im- 
perative that  a  diiferent  classification  and  nomenclature  should  be 
adopted. 

I  therefore  propose  the  following  triple  subdivision :  viz.  **  the 
Eootlet-bed,"  with  its  associated  freshwater  beds,  the  "  Chillesford 
Clay,"  and  the  **  Norwich  Crag.*'  And  if  it  is  considered  desirable 
to  have  a  connected  series— owing  to  the  very  intimate  relation  of  the 
beds,  and  the  comparatively  short  period  of  time  involved — I  would 
suggest  that  the  term  ** Mammalian  or  Norwich  Crag  Series"  should 
be  adopted,  to  embrace  the  three  subdivisions  above  mentioned.  This 
simple  classification,  I  contend,  accords  with  the  facts  observed, 
and  the  nomenclature  suggested  is  amply  sufficient,  in  my  opinion, 
to  denote  the  whole  of  the  remarkable  pre-glacial  deposits  referred  to  ; 
which  together  are  seldom  to  be  seen  anywhere  around  the  coast  in 
direct  superposition,  more  than  about  15  feet  in  thickness. 


11. — The  Gomgebia  Beds  in  Italy.* 

THE  Congeria  beds  were  shown  to  exist  in  Tuscany,  in  1860,  by 
Professor  Capellini,  and  since  then  both  Professor  C.  Mayer  and 
Professor  Fuchs  have  caviled  attention  to  their  appearance  in  various 
parts  of  Italy,  and  much  has  been  written  upon  it  during  the  last 
few  years  as  bearing  upon  the  question  as  to  where  the  division 
between  Miocene  and  Pliocene  should  be  made  in  Italy. 

The  Congeria  beds  were  already  many  years  ago  compared  with 
those  in  the  Wallachia  and  the  Crimea,  and  now  the  same  strata  are 
shown  to  exist  from  Bollene  (S.  France),  through  Italy,  Austria, 
Hungary,  and  the  south  of  Russia.  These  sulphur-gypsum  beds  or 
Congeria  strata  on  both  sides  of  the  Apennines  are  now  shown  to 
contain  similar  fossils,  and  the  formation  as  found  near  Leghorn, 
Ancona,  and  Bologna,  is  directly  compared,  and  it  is  shown  to  be 
analogous  with  that  of  the  Piedmont  Modenese,  Reggiano,  and 
Sicily,  and  to  represent  the  "Schlier"  of  the  Vienna  geologists, 
the  marl  of  Wielicska  and  Wallachia,  and  perhaps  in  part  the  marl 
of  Boom  (Belgium),  and  the  exact  correspondence  between  the 
gypsum  of  Tuscany  and  that  of  the  Romagne  and  the  Marche,  long 
known  for  its  fossil  flora,  is  now  fully  confirmed  by  means  of  the 
fossil  fauna.  Although  the  fossils  distinctly  prove  the  identical  age, 
yet  in  almost  each  locality  there  are  some  found  not  common  in 
others,  and  this  is  found  to  be  the  case  in  the  Congeria  beds  of 
the  neighbourhood  of  Castellina  Marittima  and  the  Aconitano. 

*  Quart.  Joum.  Geol.  Soc.  yoI.  xxxii.  p.  124. 

*  Gli  Strati  a  Congerio  e  le  marae  compatte  mioceniche  dei  dintomi  di  Ancona. 
By  ProfesBore  Giovanni  Capellini,  Mem.  Accad.  Lincei,  ser.  3a.  vol  iii.  1879. 

Gli  strati  a  Congerie  e  la  formazione  gessoso-solfifera  nella  pro\'incia  di  Pisa  e  nei 
^tonii  di  LiTomo.     G.  Capellini,  Mem.  Accad.  dei  Lincei,  ser.  3,  vol.     1880. 
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Both  in  Tuscany  and  in  the  Marohe  it  is  found  that  the  faoiee  of 
the  fauna  points  to  the  lower  part  of  the  Congeria  beds,  and  in  so 
far  the  Congeria  strata  only  in  part  correaponda  with  that  of  Aostria 
and  Hungary,  the  upper  part  as  there  known  being  abaent  in  Italy. 
The  lower  group  of  the  liiooene  strata  of  the  Leghorn  moontaina 
corresponds  with  the  marls  and  sands  of  the  Cardiia  Jomameiti  beds 
of  the  Rhine,  and  if  these  are  to  be  considered  Upper  liiooene^  then 
the  Middle  and  Lower  Miocene  are  unrepresented  in  the  provinoe  of 
Pina,  but  well  developed  in  Tuscany. 

In  the  second  paper  this  formation  is  shown  to  be  yeiy  well 
developed  in  the  hUls  south-east  of  Pisa,  especially  good  seotioos 
being  exposed  in  the  valley  of  the  Marmolajo,  and  between  Parrana 
and  (Cologne,  where  the  complete  series  can  be  examined  resting  on 
the  Leithakalk,  and  at  Limone  and  Uliveto  there  ia  a  marl  bed 
intercalated  in  the  formation  containing  planta,  fish,  and  fossil 
insects,  by  which  means  these  beds  and  uie  Oemngen  laonstrine 
formation  are  correlated. 

1'he  Lower  Pliocene  is  considered  to  end  with  the  marl  containing 
Fecten  comitaiua.  Font.,  which  has  also  been  called  P.  demmiatuM  and 
P.  Fuchsiif  De  Stef. ;  and  immediately  below  this  follows  the  Con- 
geria (sulphur-gypsum)  formation,  and  these  Professor  Capellini 
proposes  to  divide  into  (1)  Cardium  heds  yfith.  Melanopsis  Bonelli ; 
(2)  marl  with  Cyprts ;  (3)  marl  with  Melanopsis  impresaa ;  (4) 
limestone  and  serpentine  conglomerate ;  (5)  marl  with  Melanoptis 
Barioliniu 

These  Congeria  beds  are  superposed  on  the  Sarmatian  or  Tripoli 
beds  of  the  Leghorn  mountains,  which  again  rest  on  Tortonian  or 
Leithakalk,  considered  by  some  as  Upper  Miocene,  and  by  others  as 
Middle  Miocene,  the  latter  being  the  division  followed  by  CapellinL 

Both  papers  are  CM3Companied  with  several  plates  of  the  fossils 
found  in  these  beds.  A.  W.  W. 


L — Fbitscu's  Permian  Amphibians  of  Bohemia. 

THE  second  part  of  Dr.  Fritsch's  Monograph  of  the  Fauna  of  the 
Permian  Bocks  of  Bohemia  fully  sustains  the  interest  of  the 
first  volume.  It  consists  of  34  quarto  pages  of  text,  amply  ill  ustrated 
by  many  figures  printed  in  the  text,  and  by  12  coloured  plates.  It 
is  impossible  not  to  regard  with  admiration  a  work  so  fully  and 
wisely  illustrated;  but  equally  in  the  literary  work  the  author  has 
endeavoured  to  give  his  labours  completeness  of  expression,  not  so 
much  with  the  object  it  may  be  of  making  the  task  of  future 
labourers  a  sinecure,  as  in  a  happy  endeavour  to  say  everything  that 
is  worth  knowing  about  his  fossils.  This  memoir  commences  with 
some  general  remarks  on  the  Branchiosauridse,  in  which  the  opinion 
is  expressed  and  sustained  that  several  of  the  Stegocephali  which 
have  been  described  in  other  countries  must  be  included  in  this 
family,  so  that  the  author  finally  arranges  in  it  the  following  ten 
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?>Dera: — Branekiotaurut  (Fr.),  Amphihamat  (Cope),  Pelion  (Cope), 
rotrilon  ((Jaudty),  PUnroneura  (Gaiidry),  Sparodn$  (Fr.),  Braehtaer- 
peton  (H.  and  A.)i  Hylerpeton  (Owen),  Datesonta  (Fr.),  Sylonomtu^ 
(DawBon). 

The  next  family  treated  of  is  termed  Apat«onidK,  but  the  author 
finds  all  hia  speoimens  referable  to  a  genus  which  in  named  Melaner- 
pelon.  Thia  genus  is  defined  aa  differing  from  Branchioaaurva  in  the 
form  and  proportions  of  the  head  and  in  its  length  relatively  to  the 
body,  for  while  the  head  is  between  a  third  and  a  foarth  of  the 
length  of  the  body  in  Branehiotaurua,  it  is  here  between  a  fourth  and 
less  than  a  fiflh.  The  brain  case  has  a  similar  posterior  develop- 
ment to  that  seen  in  Branehiotaunu ;  the  sii prate mporal  bones  are 
placed  more  anteriorly.  The  width  of  the  vertebne  is  to  the  length 
of  the  vertebral  column  as  1  to  8  in  BranehtOBaurut,  while  in 
Melanerptlon  the  proportion  is  1  to  11  or  1  to  13,  The  sacral 
vertebne  enlai^  and  the  ribs  attached  to  them  are  modified  in  form. 
The  ribs  are  short,  and  extend  throughout  the  body,  and  are  developed 
in  the  first  five  oaudal  vertebrie.  The  thoracic  plates  have  a  median 
Btalk-like  prolongation  or  interctavioular  pt'ooeaa.  The  abdominal 
armonr  waa  either  absent  or  but  faintly  developed.  Of  this  genus 
three  apeeies  are  described.  The  palnontological  value  of  these 
presumed  generio  characters  may  perhaps  require  further  considera- 
tion. Melanerpeton  puaillum 
is  estimated  to  have  been  45 
to  55  mm.  long.  The  head, 
'Stl^^'^^SK^UKS^B^Ki  ^^^^^  ^'^  '^"^  exceed  a  cen- 
"  .  iS^H^^^B^^^M  timfetre,  has  been  carefully 
restored  ;  but  the  restoration 
wants  the  quadrato-jugal  an<l 
quadrate  bones.  According 
MelaMrpetanpuMiUuM  (FriUeh),  Natural  te  the  figure,  though  1  do 
nze.  From  the  Permian  Limeetone  of  not  find  any  corresponding 
Olbetg  near  Brannftn.  explanation  in   the  text,  the 

pre-frontol    and    supra-tem- 
}x>ral  bones  are  both  blended  with   the  jugal.      The   external  or 
Anterior  nares  appear  to  be  in  contact  with  each  other,  and  occupy 
the  middle  line  of  the  snout  just  behind  the  pre-maxillary  bones. 
TThere   are   two    small   fontanelles   about   the   size  of   the  parietal 
foramen  placed  in  the  middle  of  the  suture  between  the  nasal  and 
:frontal  bones ;  there  also  appears  to  have  been  a  fontanelle  in  the 
:>aiddle  of   the   suture    between   the    supra-occipital    bones.      The 
^maxillary    bone  contains    11    smooth    small    teeth.      Melauerpelon 
jDuidterrinitts  is  a  much  larger  species,  having  a  length  of  125  mm. 
TThe  body  is  three  times  as  long  as  the  head.     Tlie  skull  is  sub- 
"ft  riangular,   being    broad    bebind    and    relatively   shorter  than    in 
Jt^nerpelon  putillam.     The  supra- temporal  hone  is  deeply  excavated 
iMhind.     The  surface  structure  of  the  skull  bones  is  radiated.     The 
antlior  describes  in  detail  the  various  elements  of  wbich  it  consists, 
bat  as  the  skull  closely  resembles  that  of  Branckioaaurus  (see  Geol. 
Mio,  Deo.  II.  Vol.  VI.  p.  524),  it  is  unnecessary  to  describe  it  fully  now, 
'>ecu)a  n.— VOL.  nil. — xo.  vi,  \% 
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The  Ain  in  thU  spaole*  ia  uked,  or  •bow*  no  oMt^  BTMailifc 
of  Mxles.  The  ▼crtebnl  oolanm  h  wall  otrified.  Ibi&n  M*  fl 
boreal  vertabtv ;  1  noni;  »nd  16  oMidil  TwtBbm,  fluwgli  4  Man 
were  developed,  makiiif;  a  total  of  44.  Ai  in  Am  ■llied  fbnii*4» 
notocbord  peniBto.  lie  tnouVetM  pmoMi  b  ■Iraig,  jnd  fhni 
anteriorly.  The  hinder  part  of  the  Tertebr*  it  orsri^fwd  mtfitkth 
by  the  anooeeding  Tertebra.  fin  nonil  Tectebim  to  twin  aa  Hm 
as  the  last  doraaL    The  tdl-'votebm  an  mtHh  AeaUft  ftaa  dto 


ulon  pulcherrimimi  (Fritach). 
Upper  tide  of  the  AaH,  rvtored ;   S}  times  n&tnral  me.   fm.  intansuOlirf ;   mi. 
tnaxillu?;  Jf.nutl;  F.  bontali   P.  prefronUl ;   it/',  partfnmtal;   its.  poM- 
orbilal ;   J.  jhebI  ;   Pn.  paiietBl ;   Sq.  sqaamiMal ;   ^.  eptotie ;   Si.  nipntem- 
poral ;    Q.  qnidiate ;   fie.  eDpraoccipital. 

thoracic  vertebne,  and  rapidly  diminish  in  breadth.  There  are  no 
ribs  to  the  firat  five  vertebrse,  thongh  the;  nay  have  existed ;  and 
the  last  three  dorsal  vertebrte  have  the  ribs  short.  The  ribs  in  the 
tail  are  not  so  long  as  the  vertebrse  are  wide.  I'he  shoulder  gir^Ile 
is  strongly  developed.  The  middle  thoracic  plate  has  a  broad  shield 
shape  with  a  median  hinder  prooess.  In  front  of  it  are  the  two 
clavicles,  the  lateral  parts  of  which  are  thin  and  cylindrioal.  The 
corscoids  are  apoon-shaped,  and  the  scapula  like  that  of  Branehio- 
aaurut.  The  fore-foot  in  short.  The  hunierun  is  four-sided,  ami 
as  wide  at  the  proximal  end  as  it  is  long.  There  were  five  digits 
mode  up  of  very  short  phalanges.  The  femur  is  twice  as  long  aa 
wide,  and,  though  longer  than  the  hnmerDB,  ia  nairower.     The 
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fibnla  is  rather  more  slender  than  the  tibia.  The  metatarsals  were 
well  developed,  and  twice  as  long  as  the  ends  are  wide. 

Mdanerpeton  faUax  (Fritsoh)  presents  a  very  distinct  form  of 
Blnill,  and  I  entertain  bnt  little  doubt  that  it  belongs  to  a  distinct 
genus,  which  may  be  easily  separated  from  MdanerpetaUf  not  only 
by  the  skull-form,  but  by  the  skull  structure.  The  outline  is 
remarkably  constricted  posterior  to  the  parietal  foramen,  anterior  to 
which  the  shape  is  a  broad  blunt  triangle.  Between  the  broad 
pre-maxillary,  oblong  jugal  and  triangular  pre-frontal  a  bone  appears 
on  the  anterior  margin  of  the  orbit,  which  the  author  omits  to  name, 
but  indicates  by  the  letter  I,  that  can  only  be  the  lachrymal.  Post- 
frontal,  post-orbital,  and  supra-temporal  bones  appear  from  the 
restoration  to  he  blended  together. 

A  few  remarks  follow  on  the  relation  of  Melanerpeton  to  Arehego- 
Baurus, 


^liehosowM  lon^immum  (Fr.),  restoration  half  natural  aize.     From  the  Cool 

of  Nyfan. 
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Tbe  next  family,  Aistopoda,  compriara  snake-like  animals  den 
of  limbs,  with  biconcave  vertebne,  ribs,  and  sroooth  leelh.     '' 
reprcBented  tn  Bohemia  by  the  genera  Doliehosoma,  OphidM 
Palaoiiren,  and  Adcnodema.     In  Dolichoaoina  the  sknll  ie  t 
it  tapora  towarde  the  eoout.     There  are  150  biooncave  veil 
with  zygapophysea,  and  well -developed  transverse  prooeaaes. 

DoUchoaoma  longiuimum  (FritBch)  ia  distinguished  by  having  Hi*^ 
ribs  twice  as  long  as  the  vertebrie.     In  form  it  closely  resembleK  th  1 


Loliehatoma  Umgi—iimm,  upper  nirfhM  of  iknll  ratond,  enlai^  six  tiuM. 
whip-snake  (Dendropftii).      The  fragment  found    meaaares  60  cn^^ 
and  indicates  for  the  entire  animal  a  length  of  abont  a  m^tre.     S^ 
impression  of  the  skin  is  preserved ;  enlarged  45  times  it  show^^ 
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ine  granular  structare,  so  that  if  any  scales  existed  they  are  not 
preserved. 

The  eyes  are  placed  rather  behind  the  middle  line  of  the  skull, 
GLud  are  separated  by  an  interspace  of  two-thirds  their  diameter. 
The  parietal  foramen  lies  far  behind  the  orbits.  The  anterior  nares 
cannot  be  distinguished.  The  nasal  bones  (N,)  are  anchylosed 
together,  and  forked  behind.  The  premaxillaries  (tm)  resemble  those 
of  Siren  lacerlina.  The  maxillary  (ma)  is  a  strong  bone  extending 
to  the  anterior  extremity  of  the  snout,  and  to  the  middle  of  the  orbit ; 
it  carries  about  15  smooth  teeth,  which  are  curved  backward :  there 
may  have  been  two  rows.  The  frontal  and  parietal  bones  are 
l)lended  into  one  mass.  The  frontal  terminates  in  front  in  three 
processes.  The  epiotio  terminates  at  its  outer  angle  in  a  knob-like 
iwelling.  The  teeth  of  the  lower  jaw,  20  in  number,  were  smaller 
:han  those  in  the  upper  jaw.  There  are  indications  of  a  branchial 
skeleton  extending  to  the  sixteenth  vertebra.  One  hundred  and 
ifty  vertebrae  are  preserved,  but  there  may  well  have  been  fifty 
nore.  In  the  neck  the  ribs  are  simple,  in  the  body  they  are  com- 
plicated, and  in  the  tail  they  are  absent.  The  dorsal  vertebras  have 
1  depressed  elongated  quadrate  form,  with  a  ridge  in  the  position  of 
tlie  neural  spine ;  the  neural  arch  is  constricted  in  the  middle,  and 
terminates  at  its  four  comers  in  zygapophyses.  The  transverse 
processes  are  compressed,  directed  downward  and  outward,  and 
^ven  off  from  the  lower  margin  of  the  front  of  the  centrum.  The 
3<?ntrura  has  a  circular  cup  at  each  end,  and  the  cones  unite,  so  that 
the  notochord  was  persistent.  The  form  of  this  vertebra  may  be  com- 
pared with  that  of  Epicrium  glntinosum.  Each  vertebra  has  a 
slightly  different  shape.  The  tail  vertebraa  are  smaller  and  shorter, 
^nd  have  weak  zygapophyses,  and  are  perforated  in  the  middle  of 
the  side  as  though  for  the  passage  of  an  intervertebral  nerve.  The 
ribs  of  the  neck  at  the  sixteenth  vertebra  are  twice  as  long  as  the 
:2entrum.  The  dorsal  ribs  show  towards  the  proximal  end  two 
peculiar  processes.  The  proximal  end  is  bent  at  nearly  a  right 
^ngle  to  the  body  of  the  rib ;  the  processes  occur  at  the  flexure,  one 
is  dorsal,  and  the  other  has  a  ventral  direction.  These  processes 
present  some  analogy  to  the  uncinate  processes  on  the  ribs  of  birds. 
The  author  next  describes  Dolichosoma  (Ophiderpeton*^)  angustaium 
(Fr.).  The  parieto-frontal  regiorf  of  the  skull  is  very  similar  to  that 
◦f  Dolichosoma  longissimum.  There  is  some  uncertainty  felt  as  to  its 
axact  generic  relations.  The  next  genus  in  this  family  is  Ophider- 
peton,  of  which  five  species  are  described. 

Ophiderpeton  grantdosum  (Fr.)  is  covered  on  the  back  with  horny 
shagreen-like  scales,  while  the  ventral  surface  is  covered  with  small 
scutes  pointed  at  both  ends,  half  as  long  as  the  vertebrsB,  and  arranged 
in  a  V  pattern.  The  ventral  scutes  are  parallel  to  each  other, 
lialf  as  long  as  the  vertebrsB.  The  body  in  form  resembles  Dolicho' 
soma.     It  is  impossible  to  estimate  its  length,  for  the  sixty  vertebra) 

"preserved  show  no  variation  in  size.     The  skull  is  badly  preserved. 
The  neural  arch  of  the  vertebra  is  deeply  notched  posteriorly  (*). 

From  the  posterior  zygapophyses  deep  grooves  (r)  run  forward  and 
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BerieiM — FHlteffa  PtrMum  An^^iik. 


r  iba  middla  of  tite 


The  truuTene  proosMn  (In)  an  a 

formed  on  the  genenl  plan  of  tboM  of 


outward. 

OBntrnm.      The  ribs  are  &rmed  _ 

Doluhoaoma,  hat  the  traaSTerto  proaeMet''«te  loiter  and 

the  postorior  end. 

OphiderpetM  peetinattm  (Tr.)  Ii  odI;  known  ftom  •  few  •wtMbrm, 
wome  partdlel  pointed  abdominal  aontea  and  remarkable  peotinatod 
platee,  supposed  by  the  author  to  have  been  olaipuK  aexw  org^iw 
placed  in  the  r^^ion  of  the  oloaoa;  but  tiieir  tnie  nature  tuj  ba 
donbtfuL 


Dpp«T  view  ol  Totelna  ol  tjpAiiwyrtaw  frmnlatvm  (fntmik),  enlu^ 

Ophiderpelon  vidnum  (Fr.).  The  -ventral  anrfaoe  of  the  body  wa^^* 
covered  with  oat-ebaped  Bontes,  while  the  dorsal  amiour  had  ^^^ 
sh&green-like  character.  The  armour  ia  similar  to  that  of  Opiider — -^ 
peton  Browrtrigge  (Huxley).  __ 

Ophiderpeton  Coninii  (Fr.)  ia  founded  on  two  apeoimena  of  a  laig*^^ 
pectinated  plate. 

Ophiderpeton  ZiegUrinxan  (Fr.)  is  founded  en  ventral  armour  in*** 
which  the  scutes  are  from  16  to  20  times  as  long  as  broad. 

Pakeonren  Beinertii  (tieinitz)  is  briefly  noticed  and  regarded  "^^J 
nearly  related  to  Ophiderpeton;  its  vertebra  are  10  cm,  long  and^^' 
8  cm.  wide,  indicating  an  animal  that  may  have  been  fifteen  m6tre^^^ 
in  length.     The  armour  is  well  developed. 

This  part  of  the  work  conoludes  with  a  notice  of  Adenodermr^^^ 
tfraeile  (Fr.),  of  which  the  skin  is  well  preserved,  showing,  as  th^^^^ 
nntbor  believes,  glands  arranged  in  four  rows.  The  head  ia  crushed.^  ^ 
as  long  as  wide,  and  one-fifth  as  loog  as  the  body.  There  are  2:^^=^ 
fhort  biconcave  vertebrre  between  the  head  and  pelvic  region.  Fiv^^^* 
canilal  vertebne  are  preserved.  Short  ribs  are  developed  on  the  ficst^^' 
13  vertebrte. 

Towards  the  end  of  the  memoir  Dr.  Fritsob  enunciatea  the  ooncla— — '  ' 
sioQ  tUot  the  SUgoeephtdi  may  prove  to  be  the  anoestora  both  oP 
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Amphibians  and  Beptiles,  a  sound  induotion  which  must  long  have 
been  making  its  way  with  philosophical  naturalists. 

It  is  impossible  to  conclude  this  brief  notice  without  congratulat- 
ing the  author  on  the  admirable  way  in  which  the  memoir  is  pro- 
gressing. It  is  indeed  a  model  of  monographic  work,  wrought  out 
of  materials  that  would  have  discouraged  if  they  did  not  baffle  a 
writer  less  patient,  able  and  painstaking  than  Dr.  Fritsch,  and  may 
well  call  out  the  sympathy  and  admiration  of  his  fellow-labourers 
among  fossil  vertebrates.  H.  G.  Seblsy. 


II. — MiMOIBS  8U&  LIS  PH^NOMiNES  d'alT^ATION  DBS  DtPOTS 
BUFBRFIOIELS  FAB  L*  IN  FILTRATION  DBS  BAUX  MiT^ORIQUES  ^TUDltS 
DANS  LBUR8  BAFPOBTS  AVBO  LA   otOLOaiB  STBATIGRAPHIQUB.      Par 

Ernest  Van  den  Bbobok.    4to.  pp.  180.    One  Ck)loured  folding 
Plate,  and  34  figures  in  the  text.     (Brussels,  1881.) 

ri'^HIS  handsome  Memoir  forms  part  of  vol.  xliv.  of  the  quarto 
X  series  published  by  the  Boyal  Academy  of  Sciences  of  Belgium 
under  the  title  of  '^Mdmoires  couronnSs  et  Mimoires  dea  savants 
ilr angers"  In  it  Mr.  Yanden  Broeck,  who  is  well  known  as  one  of 
the  most  zealous  and  active  of  the  younger  naturalists  and  geologists 
of  his  country,  has  brought  together  a  great  number  of  facts  relating 
to  the  alteration  of  superficial  deposits  by  the  action  of  rain-water. 
This  subject  was  first  taken  up  by  the  author  in  1874,  and  since 
that  time  he  has  taken  every  opportunity,  by  means  of  papers 
describing  special  cases  exhibited  in  various  portions  of  the  Tertiary 
basin  of  the  Netherlands,  of  calling  the  attention  of  geologists  to 
the  frequent  misreading  of  sections,  due  to  the  want  of  care  in 
distinguishing  the  altered,  but  undisturbed,  parts  of  beds  or  groups 
of  beds  from  unconformable  deposits.  One  of  the  first  cases  of  the 
kind,  clearly  explained  by  him,  related  to  the  Laekeuian  and 
Bruxellian  of  the  Brussels  Eocene.  Here  unfossiliferous  sands, 
resting  upon  what  had  been  generally  regarded  as  strongly  eroded 
surfaces  of  fossiliferous  more  or  less  calcareous  rock,  were  shown 
to  be  really  undisturbed  portions  of  the  latter,  from  which  the 
carbonate  of  lime  had  been  removed,  and  in  which  other  changes, 
such  as  the  oxidation  of  glauconite  for  instance,  had  taken  place,  by 
the  action  of  rain-water.*  This  is  a  fair  sample  of  the  kind  of 
useful  application  that  can  be  made  for  stratigraphical  purposes  of 
a  proper  knowledge  of  the  results  of  the  long-continued  percolation 
of  carbonated  waters  through  sand  and  other  deposits.  Of  course 
these  effects  have  long  been  known  to  chemists  and  geologists,  but 
their  application  towards  the  unravelling  of  the  often  obscure  details 
of  Tertiary  geology  is  very  largely,  if  not  altogether,  due  to  Mr. 
Van  den  Broeck. 

In  the  present  Memoir,  after  some  general  considerations  respect- 
ing the  rdle  of  water,  and  especially  rain-water,  as  an  agent  in  the 
metamorphosis  of  rocks,  the  author  describes  its  special  action  on 
felspathic,  metalliferous,  clayey  and  shaley,  siliceous,  and  calcareous 

'  See  Annalet  de  la  SocUU  geologique  du  Nord^  t.  iii.  p.  174. 
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rocks.  The  original  matter  of  the  paper  is  oUefly  to  be  fovnd 
under  the  last  head,  and  in  an  appendix  on  infiltranona  in  Quater- 
nary deposits. 

All  the  sections  described  seem  to  bear  out  the  anthor^s  Tiewa 
very  completely,  but  since  many  competent  obaervers  have  failed 
to  admit  them  in  certain  cases,  such  as  that  of  the  Bed  Drift  of 
Paris,  which  Professor  Hehert  dedinee  to  regard  as  altered  Or^ 
Drift,  it  must  be  concluded  that  the  evidence  is  not  always  ao  dear 
and  satisfactory.  But  although  all  Mr.  Yanden  Broeok*8  examples 
may  not  be  accepted  as  proven  by  those  specially  conversant  with 
the  detailed  structure  of  the  many  districts  whence  they  have  been 
collected,  there  is  no  reason  to  doubt  the  general  tmth  and  the 
important  nature  of  his  thesis.  Indeed*  illostrations  are  not  wanting 
in  England,  as  in  the  case  of  the  shelly  Bed  Crag  of  Suffolk,  where 
Mr.  Whitaker  has  shown  that  the  supposed  line  of  eroaion  between 
it  and  a  certain  unfossiliferous  sand  is  really  a  line  of  disadliition 
of  shells,  the  sand  being  simply  Bed  Crag  deprived  of  its  fossils 
through  the  percolation  of  water.^ 

On  the  whole,  Mr.  Yanden  Broeok's  Memoir  most  be  welcomed  as 
being,  up  to  the  present,  the  most  complete  epitome  of  a  class  of 
facts  of  considerable  geological  importance,  which  had  been  singularly 
neglected  and  ignored,  until  our  author  took  them  in  hand  in  his 
own  vigorous  and  enthusiastic  manner. 

It  may  be  added  that  Mr.  Yanden  Broeck  would  be  glad  to  receive 
information  as  to  any  new  facts  or  objections  relating  to  the  subject 
of  his  Memoir.  G.  A.  L. 

ni.— The  Gbologt  of  Central  and  Western  Minnesota.  A  Pre- 
liminary Report  by  Warren  Upham,  Assist  on  the  Greol.  and 
Nat.  Hist.  Surv.  of  the  State,  under  the  direction  of  Prof.  N.  H. 
Winchell,  of  the  State  University.  From  the  General  Report 
of  Progress  for  1879.     8vo.  pp.  68. 

FDER  a  rather  unpromising  exterior,  this  memoir  includes 
several  matters  of  special  interest  It  will  also  attract  atten- 
tion from  the  fact  that  it  is  the  first  report  of  the  first  student  of 
Glacial  Geology  ever  officially  employed  in  his  special  capacity  for 
a  considerable  period,  and  in  a  region  over  most  of  which  glacial 
deposits  prevail  exclusively. 

In  consequence  of  the  paucity  of  natural  exposures  (which  is  a 
circumstance  not  to  be  deplored.,  since  natural  sections  are  so 
generally  misleading),  recourse  has  generally  been  had  to  artificial 
excavations,  mainly  wells,  in  determining  the  character  of  the  glacial 
deposits.  The  records  of  no  less  than  582  wells  have  been  examined 
and  digested  in  the  preparation  of  the  report.  A  compact  lower 
till,  usually  blue,  and  a  less  compact  upper  till,  usually  yellow  or 
brownish,  both  containing  considerable  intercalated  •  sandy  and 
pebbly  layers,  are  recognized  as  of  general  extent ;  and  local  deposits 
of  modified  drift,  often  presenting  a  kame-like  aspect,  are  also 
described.  Inter-glacial  beds,  containing  soil,  wood,  plants,  and 
^  See  Quart.  Joum.  Geol.  Soc.  Lond.  toI.  xxxiii.  p.  122. 
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fresh-water  or  terrestrial  shells,  are  recorded  in  a  few  instances, 
apparently  always  within  the  lower  till,  bat  generally  near  its  upper 
surface.  The  superposition  of  glacial  drift  upon  decomposed  gneiss 
and  granite  is  noted. 

Much  attention  has  been  given  to  the  gigantic  terminal  moraine 
stretching  in  a  sinuous  line  across  Minnesota,  and  Dakota,  and 
thence  north-westward  far  upon  the  Saskatchewan  plains  in  the 
adjacent  British  territory.  The  same  moraine  has  already  been 
traced  across  Wisconsin  by  Prof.  T.  C.  Chamberlain,  the  director 
of  the  Geological  Survey  of  that  State,  and  is  believed  to  exist  also 
in  Illinois,  Indiana,  Ohio,  Pennsylvania,  New  York,  and  New 
Jersey.  Beyond  it  has  been  explored  by  Upham  along  the  north 
shore  of  Long  Island,  through  Bhode  Island,  and  along  Gape  Cod. 
The  moraine  thus  appears  to  stretch,  though  with  several  interrup- 
tions, across  more  than  half  of  the  continent.  It  lies  near  the 
southern  limit  of  ice-action  in  the  east;  but  in  the  west  it  is  fully 
three  hundred  miles  north  of  that  line. 

The  silty  deposits  of  the  Bed  Biver  Valley  are  descril)ed  in  some 
detail ;  and  the  exploration  of  their  origin  is  a  valuable  contribution 
to  the  glacial  theory.  It  is  suggested  that  as  the  ice-sheet  retreated 
over  surfaces  sloping  to  the  northward,  the  waters  derived  from 
its  dissolution  accumulated  in  all  depressions  to  the  level  of  the 
south-lying  divide.  Such  an  accumulation  is  supposed  to  have  taken 
place  in  the  vast  basin  occupied  by  Bed  Biver  and  Lake  Winnipeg ; 
and  for  it  the  very  appropriate  name  of  Lake  Agassiz  m  proposed. 
The  silts  of  the  region  are  regarded  as  the  finer  glacial  debris 
8usx)ended  in,  and  finally  precipitated  by,  the  waters  of  this  lake. 
The  conception  embodied  in  this  hypothesis  appears  to  have  been 
first  grouped,  though  in  a  general  way,  by  N.  H.  Winchell.  It 
seems  to  afiford  the  first  satisfactory  key  to  a  rational  explanation 
of  the  stratified  deposits  so  generally  found  on  northwardly  sloping 
glaciated  regions.  W.  J.  M. 


rV. — Die  Wealdkn-Bildunqen    der    Umgeqend    von   Hannover 

EINB    OEOQNOSTISOH-PALAONTOLOGISCn-STATISTISCHE  DaRSTKLLUNG 

VON  C.  Struckbiann.     Mit  fiinf  Tafeln  Abbildungen.    Hahn'sche 
Buchhandlung,  1880. 

THE  author  of  this  interesting  work  is  already  favourably  known 
to  our  readers  by  *'  Der  Obere  Jura,'*  reviewed  in  our  volume 
for  1879.  The  Monograph  now  before  us  is  a  detailed  description 
of  the  Wealden  formation  from  the  beds  resting  upon  the  Portland 
Limestone  to  the  Hilsthon  of  the  Chalk,  near  Hanover.  The 
Wealden  is  divided  into  three  stages,  each  forming  a  well-marked 
horizon  of  life. 

I.  The  deepest  is  the  "  Munder  or  bunte  Wealden -Mergel," 
representing  the  Purbeck  beds  of  English  geologists,  and  consisting 
of  thick  beds  of  limestone  interstratified  with  beds  of  marl,  in 
which  are  numerous  specimens  of  Exogyra  rir^uZa,  fossils  are  rare, 
the  most  abundant  is  Corhvla  mosensis,  Buv.     They  attain  a  thickness 
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of  120  m^trefl,  and  belong  to  fhe  Upper  KinunAridge.  Orer  fheie 
follow  dark-ooloared  beds,  twelve  mitne  in  thioknefli,  of  almoit 
black  marly  limeetone  and  shalee.  Bioh  in  fiMuli»  as  JBvo^yra  rafiibp 
FtcUn  caneentrieua,  OervilUa  o7»liwa,  0.  teiraffafM^  Oardimm  €dwltfarm§t 
laoeardia  striaia,  Cifprina  Bnmgniarti^  Thraeia  tneerfo,  Oarhdm 
mosensis,  C.  inflexa,  C.  alaia,  TwrrUMa  MMmto,  and  raiely  alio  Skrwda 
eoacervata.  These  beds  belong  to  the  Lower  Poitlandy  and  on  them 
rest  beds  of  the  Upper  Portland  with  few  fossils,  on  whioh  follows 
the  Serpulit  or  Parbeck  Limestone^  oonsisling  of  veiy  difforent 
strata,  saoh  as  hard  blae  silioeons  limestone,  fine  Oolitio  limestone, 
olayey  and  sandy  marls,  with  day  and  sandstone,  in  whioh  thirty 
species  of  organic  remains  are  known.  Serptda  eoocenrola  is  found 
alone,  and  whole  banks  are  filled  with  this  Annelid — ^henoe  the 
name  Serpulit, 

II.  The  Middle  Wealden,  or  the  group  of  Hastings  sandstone, 
rests  upon  the  Serpulit  It  consists  of  thiok  beds  of  fine-grained, 
yellowish-white,  or  greyish  durable  sandstone,  whioh  for  its  ex- 
cellent quality  has  l^n  employed  in  building  Cologne  Cathedral ; 
and  other  hurd  beds  called  Blaustein  are  xmd  for  road  materiaL 
The  thickness  of  the  sandstone  amounts  to  500  feet,  and  some  of  its 
beds  contain  a  rich  fossil  flora  of  thirty-three  species.  The  following 
are  the  most  abundant :  Sphenopteris  ManteUi^  Pecopteris  QeinitzU^ 
Manlomdium  GoepperU,  Microdictyum  Dunkeri,  Hauamannia  diehoiomaf 
Anomozamites  Schaumburgenae,  Sphenopteris  Sternbergiana,  Spk. 
Kurrtafuif  Spirangia  Jugleri.  The  Mollusca  consist  of  moulds  and 
compressed  shells.  The  osseous  remains  of  Fish  and  Saurians  are 
rare,  but  single  scales  of  Sphaerodus  nemiglobua  and  Lepidottu 
Mantelli  are  abundant  Our  author  has  found  at  Bad  Rehburg  the 
foot-prints  of  Reptilian  animals,  OmithoidichniteSj  similar  to  diose 
described  and  figured  by  Mr.  Heckles,  from  the  Hastings  sandstone 
of  Bexbill,  near  Hastings. 

III.  The  Upper  Wealden  or  Weald  Clay  consists  of  dark  grey  or 
blackish,  thin-bedded,  friable  sandy  shales  and  marl ;  a  quartsite 
rock  with  thin  beddings  of  limestone,  and  an  abundance  of  CtfrenCy 
Cyelaa,  Corbida  and  Melania  species,  Melania  strombiformtB,  Melania 
nigoaaf  Paludina  flwiorum,  and  other  beds  with  Gyrena  species, 
Gypris,  and  Fishes*  scales.  The  Upper  Wealden  varies  in  thickness 
from  15  to  40,  and  66  to  77  mitres.  The  fauna  of  this  Upper 
member  of  the  Wealden  is  limited  to  a  few  species,  as  MyUlvB 
membranaceus,  Modiola  Uthodomuaf  Unto  Menhei,  many  species  of 
Cyrena,  Corbtda  and  CyclaSt  with  Melania  harpaeformis,  M.  Btrombi' 

formia,  M.  rugoaa,  Paludina^  Litorinella,  Planarbie,  Cypris  Yaldensia 
and  two  others,  and  the  remains  of  Fishes,  as  PycnodtiSf  Sphaerodua, 
Hybodue  ;  of  fossil  plants  only  indistinct  traces  have  been  found. 

Under  the  lowest  member  of  the  Wealden,  the  Munder-Mergel, 
lies  the  Einbeckhauser  limestone,  which  belongs  to  the  Upper 
Portlandian,  representing  a  portion  of  the  Upper  Jura,  and  forming, 
it  may  be,  passage-beds  from  the  Portland  to  the  Wealden.  The 
Serpulit  maintains  by  its  organic  remains  the  predominant  character 
of  the  Wealden,  so  that  it  cannot  be  separated  from  both  the  upper 


BeporU  and  Proceedings — Oeoiogical  Society  of  London.      283 

diTisions.  The  entire  Flora  and  Fanna  of  the  Wealden  formation 
has  a  Jurassic  character,  and  the  relations  of  the  Lymneen  and 
Brackish-water  deposits  of  the  Wealden  with  the  Marine  beds  of  the 
Portland,  afford  evidence  of  the  alternation  of  conditions  which 
prevailed  daring  the  close  of  the  Jarassic  epoch. 

The  plates  which  illustrate  the  Monograph  are  beautifully  executed. 

The  number  of  species  amounts  to  146,  of  which  there  are — 

Plants  33  species  belonging  to  24  genera. 

CoBchifera  62  „  „  9 

Gasteropoda  21  „  „  6 

Annolata  1 

Insecta  1 

Crustacea  8  „  „  2 

Fish  18  „  „  8 

BeptUes  2  „  „  2 

146  61 

The  construction  of  the  Paladontological  table  and  catalogue  of 
species  is  to  be  highly  commended,  seeing  that  it  brings  before  the 
eye  at  a  glance  the  most  important  points  connected  with  the  history 
of  the  Fauna  and  Flora  of  the  Wealden  and  associated  formations. 
One  column  contains  the  name  and  synonym  of  each  species,  another 
the  literature  of  the  same,  a  third  their  distnbution  in  the  Eim- 
meridge  and  Portlandian,  a  fourth  in  the  Purbeck  and  Wealden,  and 
a  fifth  contains  localities  and  general  remarks  thereon.  All  students 
who  aim  at  precise  and  concise  methods  in  order  to  represent  the 
ancient  life  history  of  any  formation  may  well  take  a  lesson  from 
these  tables.  This  work  will  be  welcomed  by  all  geologists  who 
take  an  interest  in  the  marvellous  chapter  of  the  Earth's  history  to 
which  it  relates,  and  especially  so  to  English  naturalists  acquainted 
with  the  correlated  beds  of  the  Wealden  in  our  Southern  Coast 
sections,  which  they  can  now  compare  with  those  in  the  neighbour- 
hood of  Hanover.  J.  W. 
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April  27,  1881.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1.  "  On  the  Precise  Mode  of  Accumulation  and  Derivation  of  the 
Hoel  Tryfan  Shelly  Deposits ;  on  the  Discovery  of  similar  High- 
Level  Deposits  along  the  Eastern  Slopes  of  the  Welsh  Mountains ; 
and  on  the  Existence  of  Drift-zones  showing  probable  Variations  in 
the  Rate  of  Submergence."     By  D.  Mackintosh,  Esq.,  F.G.S. 

The  author  commenced  by  giving  a  sketch  of  the  progress  of  dis- 
covery connected  with  the  Moel  Tryfan  deposits.  He  then  described 
oertain  phenomena  connected  with  these  deposits,  to  which  little  or 
no  attention  has  been  devoted  by  other  observers.  After  identifying 
the  local  stones,  and  indirectly  local  erratics,  he  traced  the  derivation 
of  the  far-travelled  erratics  which  came  from  the  N.  and  N.W.  He 
drew  particular  attention  to  an  extensive  exposure  of  slaty  laxmnfl^^ 
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the  edges  of  vhioh  have  beoi  bant  by  a  force  auullng  the  lull  from 
the  N.W. ;  and  as  these  edget  hsTe  been  ihattered  to  w  to  fona 
pnroels  of  Blafe-ohipg  oovered  by,  or  tolled  np  in  lamuuttod  sand, 
aloDg  with  paroeU  of  olaj,  he  endeaToored  to  prove  that  a  atranding 
of  the  floatiag-ioe  which  miut  have  broaght  part  of  the  enatiai 
(inoluding  nameroni  ohalk-flinta),  will  alons  aoooant  for  the  pIwDO- 
nien&.  After  deHoribing  pc^hea  of  gravel  and  Band  in  other  paita 
of  Caemarvongbire,  referring  to  the  Three-Book  Mountain  deponti 
in  Ireland  (whioh  mnat  have  oome  from  the  N.W.)i  and  briefly 
noticing  the  drifta  on  Halkin  Uonntain,  Flintshire,  he  entered  npon 
the  main  subject  of  his  paper,  namely,  the  diseoreiy  of  an  extenajva 
series  of  marine  drifts,  including  (besides  depouta  on  flat  groond) 
about  twelve  hillooks  or  knolls,  oonaisting  of  ronnded  gravel  and 
sand,  and  in  at  least  two  instances,  oontainii^  gravel-pits  with 
numerous  shell-fiagments.  They  extend  along  the  east  side  of  the 
northern  part  of  the  mountain-range  which  runs  between  Uinen 
and  Llangollen  Vale,  and  are  sitnatod  at  levels  between  1100  and 
1300  feet  above  the  sea.  The  gravel  is  largely  made  np  of  rounded 
Esk dale-granite  pebbles,  and  oiiring  his  last  or  fourth  visit  to  th* 
dUtriot,  be  found  a  large  granite  boulder  on  the  axial  summit  of  the 
ridge,  about  1450  feet  above  the  sea.  showing  a  submergence  of  the 
mountain  to  at  least  that  extent  He  went  on  to  assign  reasons  fur 
believing  that  the  sea  lingered  longer  at  the  level  of  the  sand  and 
gravel  knolls  than  lower  down  and  higher  np,  so  as  to  allow  time 
for  the  extra  rounding  of  the  pebbles,  aooumulatiou  of  erratics,  and 
multiplication  of  Molluscs ;  for  he  could  discover  no  reason  for 
supposing  that  the  moUusks  which  left  the  shells  did  not  live  on  or 
near  the  spot  in  the  littoral  or  sublittoral  zone.  He  then  descnbed 
a  small  exposure  of  high-level  rounded  gravel  and  sand  near  Llan- 
gollen, and  dwelt  on  the  remarkable  fact  that  the  marine  deposits 
en  Moel  Tryfan,  Three-Bock  Uountain  (Ireland),  Minera  Mountain, 
and  in  Macclesfield  Forest,  oocur  at  about  the  same  altitude  above 
the  sea-level.  After  proposing  a  provisional  classification  of  the 
drift- deposits  of  North  Wales  and  the  Pennine  hills  into  zones, 
showing  probable  variations  in  the  rate  of  submergence,  he  ooncluded 
by  discussing  the  question,  Whether  the  aubmergeDCe  was  caused  by 
the  subsidence  of  the  land  or  the  rising  of  the  sea,  without  venturing 
to  express  any  decided  opinion  on  the  subject,  but  inclining  to  the 
former  idea. 

2.  "On  the  Correlation  of  the  Upper  Jurassic  Books  of  England 
with  those  of  the  Continent"  By  the  Bev.  J.  F.  Blake,  M.A., 
F.G.S.     Part  I.  The  Paris  Basin. 

This  was  an  attempt  to  settle  the  many  questions  of  correlation 
arising  out  uf  the  detailed  descriptions  given  of  the  various  localities 
in  the  Paris  basin  where  Upper  Jurassic  rocks  are  developed,  by  a 
consecutive  survey  of  them  all ;  undertaken  by  the  aid  of  a  grant 
from  the  "  Government  Fund  for  Scientific  Besearcb."  In  previous 
papers  the  names  used  for  the  great  subdivisions  and  their  boun- 
daries were  adopted  without  material  modification ;  in  the  present 
saoh  modifioalioDS  were  proposed  as  may  bring  the  English  and 
continental  arrangements  into  barmon^j. 
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Five  distinct  areas  were  considered  in  this  paper,  a.  The  southern 
^^toge;  b.  The  Oharentes;  c.  Normandy;  d.  The  Pays  de  Bray; 
^  The  Boulonnais. 

a.  The  Southern  Range, — This  is  continuous  from  the  Ardennes 
through  the  Meuse,  Yonne,  etc.,  to  the  Cher.  In  the  Ardennes  the 
"Ferruginous  Oolite"  corresponds  to  our  Osmington  Oolite,  and  to 
the  Lower  Limestones  and  Passage-beds  of  Yorkshire,  the  under- 
lying "Middle  Oxfordian"  being  equivalent  to  our  Lower  Cal- 
careous Orit.  Above  comes  immediately  the  Coral  Bag  with 
Cidaris  flortgemma ;  and  the  stratigraphical  and  palseontological 
break  is  constantly  between  the  Coral  Rag  and  Ferruginous  Oolite 
when  that  occurs.  The  Corallian  is  a  well-marked  formation, 
though  its  character  is  variability.  It  is  divisible  generally  into  two 
groups — Coral  Bag  and  Supracoralline  beds,  the  latter  usually  being 
tiie  **  DieeraS'hedB  "  ;  but  in  the  Yonne  there  is  a  great  development 
of  Dic^a«-bed8  below,  associated  with  Cidaris  Jlorigemma  and 
massive  corals,  which  is  gi-adually  introduced  in  going  west  This 
part  of  the  series  in  the  Haute  Marne  has  been  described  as  very 
different ;  but  the  author  did  not  at  all  agree  with  M.  Tombeck's 
stratigraphical  determination,  and  considers  the  "  Oolite  de  la  Nothe  " 
no  more  than  the  continuation  of  the  Supracoralline  i>ic6ra8-beds, 
which  he  considers  to  uniformly  overlie  and  never  to  underlie  the 
Am.  maranUanua  marls,  which  latter  are  Oxfordian.  In  fact  nothing 
abnormal  occurs  in  this  Department.  The  whole  series  has  a 
tendency  to  degenerate  into  barren  lithographic  limestones,  in  which 
distinctions  are  lost.  The  Astartian  and  Virgulian  beds  were  traced 
through  this  range,  the  latter  seldom  showing  any  well-marked 
Pterooerian  division,  and  the  former  being  mostly  connected  with  the 
overlying  series.  Above  these  are  limestones  hitherto  called  **  Port- 
landian/'  in  which  two  zones  are  constant ;  but  above  all  are  vacuolar 
Oolites,  which  alone  may  be  truly  correlated  with  the  Portland  rocks 
of  England.  The  whole  of  the  beds  in  this  range  are  eminently 
calcareous,  a  true  clay  being  scarcely  anywhere  seen. 

h.  The  Charentea, — In  these  two  Departments  the  lower  portion  is 
very  calcareous,  and  the  distinction  of  one  part  from  another  very 
slight;  but  the  highest  portion,  both  near  Cognac  and  on  the  He 
d'Oleron,  yields  beds  which  may  be  paralleled  with  our  true  English 
Portland  rocks. 

c.  Normandy. — The  complete  sequence  has  here  been  made  out, 
from  the  true  Oxford  Clay  of  Dives  to  the  Virgulian  of  Havre,  and 
the  similarity  of  the  whole  to  the  sequence  in  Dorsetshire  is  very 
remarkable.  "  The  Trouville  Oolite  "  is  the  exact  representative  of 
the  "  Osmington  Oolites  "  with  the  Nothe  Grits  below  ;  but  the  place 
of  the  Sandsfoot  clay  is  taken  by  the  true  Coral  Bag,  whose  right 
position  in  the  Weymouth  section  is  hereby  determined.  The 
Supracoralline  beds  are  the  sands  of  Glos,  and  the  Astartian  beds 
«ure  the  Trt^onta-beds  of  Havre,  which  are  the  exact  representatives 
of  the  "  Kimmeridge  passage-beds." 

d.  The  Pays  de  Bray. — Nothing  below  the  Virgulian  is  here  seen, 
4and  the  commencement  of  the  so-called  ''  Portland  beda  "  n<(^%  ^^\ir 
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sidered  by  the  author  to  be  at  a  lower  level  than  it  is  {daoed  by  H. 
Lapparent,  on  aoooant  of  the  umilarity  to  beds  at  Boulogne.  The 
true  Portland  rooks  ooour  as  ferruginous  sandstones  with  Trigonkt 
gihhosa. 

6.  Bovlownais, — The  Houllefort  limestone  was  correlated  with  the 
Osmington  Oolite.  The  Coral  Bag  of  Bruodale  was  oonsidered 
equivalent  to  that  of  the  Mont  des  Bouoards,  the  so-called  limestones 
of  the  latter  place  being  Supraooralline.  The  NerinaBan  Oolite  and 
the  Ores  de  Wirvigne  represent  the  Astartian.  The  higher  parts 
of  the  series  have  been  already  correlated. 

From  this  study  it  was  proposed — that  the  '' Lower  Calcareous 
Grit/*  and  idmost  all  the  Coralline  Oolite  should  be  placed  in  the 
Oxfordian  series  as  the  upper  division,  under  the  name  ''Oxford 
Grit,"  and ''  Oxford  Oolite  ;  that  the  Corallian  consuts  of  two  parts, 
the  Coral  Bag  and  the  Supraooralline  beds;  that  the  Kimmendgian 
should  include  the  Astartian  and  Yiigulian,  the  Pterocerian  being  a 
subzone;  that  the  ''Upper  Kimmeridge  "  and  the  Hartwell  day,  with 
the  "  Portland  sand,"  should  make  a  new  subdivision  to  be  called 
Bolonian,  the  northern  and  southern  types  being  both  represented 
at  Boulogne,  which  may  be  divided  into  Upper  and  Lower ;  and 
that  the  true  Portland  limestone  and  the  Purbeck  be  united  into  one 
group,  as  Lower  and  Upper  Portlandian  ;  the  fact  of  the  latter  being 
freshwater  being  paralleled  by  parts  of  the  true  Portland  having 
that  character. 

3.  "On  Fossil  Chilostomatous  Bryozoa  from  the  Yarra-Yarra, 
Victoria,  Australia."     By  Arthur  William  Waters,  Esq.,  F.G.S. 

The  author  gave  a  descriptive  list  of  seventy-two  pieces  of  Bryozoa 
belonging  to  the  suborder  Ghilostomata,  from  a  lump  of  clay  obtained 
by  Mr.  Allen  from  the  neighbourhood  of  tlie  Yarra-Yarra  Biver. 
The  specimens  are  fragmentary,  but  in  excellent  preservation. 
There  are  eight  species  of  Ca^entceZ/a,  a  genus  unknown  in  the  fossil 
state  until  quite  recently,  when  Mr.  Bracebridge  Wilson  described 
twelve  fossil  species,  none  of  which  are  known  living ;  two  of  the 
Yarra-Yarra  species  still  live  in  the  Australian  seas,  and  one  of 
these  also  occurs  in  the  Geological  Society's  collection  from  Mount 
Gambler.  Among  the  most  interesting  of  all  the  specimens  described 
by  the  author  is  a  Catenicella,  consisting  of  long  internodes,  vrith  a 
double  row  of  cells  in  each  intemode.  The  short-beaded  Catenicella 
now  living  have  probably  been  developed  from  forms  with  long 
internodes.  JUicroporeUa  is  also  well  represented  by  some  interest- 
ing forms,  which  make  it  necessary  to  widen  the  definition  of  the 
genus.  A  very  interesting  Cellaria  with  subglobular  internodes 
explains  the  Cretaceous  fossil  called  Eachara  aapasia  by  d*Orbigny. 

Of  the  Ghilostomata  found  in  this  deposit  thirty-nine  are  con- 
sidered new,  although  this  number  may  have  to  be  reduced ;  nine- 
teen are  now  found  living ;  seven  correspond  with  those  from  the 
fossil  iferous  beds  of  Orakei  Bay,  New  Zealand,  described  by  Stoliczka; 
about  twenty-three  are  found  in  the  Mount  Gambler  formation.  Of 
about  thirty  Cyolostomatous  Bryozoa  which  occur  in  this  deposit,  at 
least  seven  are  common  to  it  and  Orakei  Bay.   Besides  the  Bryozoa, 
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"w  aothoT  has  obtained  ratiny  otlier  orgAnisroa  from  tliis  oin;.  and 

Mpeciall^  a  lai;^  aumber  of  Foraniinilera  now  in  the  handn  of  Prof. 

Kirwr  of  Vienna.     He  esttmateB  the  total  numlwr  of  determinablfl 

•pedw  belonging  to  various  olaeee«  at  over  200. 

In  treating  of  hiB  special  subjects  the  author  adopts  the  priuoiplea 
of  dusifioation  laid  down  by  Hinoks,  Smitt,  and  other  recent  writers 
on  living  Bryozoa,  whiuh  he  regards  aa  prefemble  in  themselves,  and 
atao  aa  fiioilitaling  the  oomparison  of  fossil  with  recent  forma. 


ooiaiftEJSiPOisrisEisrCB. 


Hr.  C  S.  Wilkinson,  F.O.S.,  Qoventtnent  Geologiat,  Department  of 
Vines,  Sydney,  N.S.  Wales,  referring  to  the  occurrence  of  Qlacial 
houlderain  the  "Hawkeabury  Series," 'writes  to  Mr.  R.EtheriiIge,jun., 
under  date  10th  Febmary,  1881 : — "Here  we  have  huge  and  amall 
angular  maaaea  of  aoft  shales  embedded  in  pebble  conglomerates  and 
falae-bedded  sandstones.  With  these  sandstones  (Hawkeabury)  are 
interstratified  argillaoeous  sbalea,  and  the  boulders  are  of  the  same 
material  and  contain  the  same  foasila.  It  aeema  that  during  the 
deposi^on  of  the  Hawkesbnry  Series,  the  rapid  and  changing  aurreuta 
which  depoaited  the  falae-bedded  aandstones,  were  at  intervals  auo- 
ceeded  by  quiet  waters,  from  whioh  tiie  mud  forming  the  ahales 
settled  down,  probably  during  winter-time,  when  ground-ice  formed. 
Spring-time  following,  the  ice  broke  up.  and  drifting  about  broke 
np  aonie  of  the  newly-formed  shales,  and  mingled  the  shale  frag- 
inenta  with  pebbles  and  aand  brought  by  currents  from  the  shores. 
ITie  ahale  boulders  are  always  found  just  ahooe,  or  not  far  from  the 
nndiaturbed  sbale-beds,  thus: — 


In  the  aandatonee  JDst  above  the  bed  with  angular  blocks  {A),  are  (B) 
Vmall  rolled  flattish  pieces  of  the  same  shale,  the  longer  diameter 
inclined  in  one  position,  showing  the  direction  of  the  transporting 
Cnrrents  at  the  time ;  some  of  the  angular  maases  are  curved, 
showing  that  they  must  have  been  in  a  soft  oondition,  when  torn 
\ip  from  the  underlying  ahales.  The  principal  fossils  found  in  these 
^re  fragments  of  Plants — /'hj/llolheca,  TMan/eldia,  OdontopleToidei ; 
^iahea—Palmoniaeus,  CkeirotepU  granulalits,  Myriolepia  C'larkii,  and 
Another,  which  appears  to  be  new." 

I  Lower  Mcsojoio. 
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THE  BAG8H0T  BEDS  OF  THE  BAGSHOT  DISTRICT. 

Sib, — Being  greatly  interested  in  the  geology  of  the  London  Bas 
and  having  just  read  Professor  Jones's  paper  on  the  Bagshot  Disti 
(Proo.  GeoL  Assoc,  vol.  vi.  No.  9),  I  at  once  turned  to  Mr.  Herri 
article  with  the  above  title,  on  receiving  the  current  Number  of  1 
Geological  Magazinb,  to  be  however  **  brought  up  sharp  **  by  1 
first  paragraph  (p.  171). 

The  statement  that  '*  the  on/y  authority  for  the  beds  included 
this  area  is  Professor  Prestwich,  who  ....  has  supplied  all  the 
formation  about  the  district  that  is  at  present  known,"  quite  astonisl 
me,  at  least  as  far  as  regards  the  woids  which  I  have  italicized, 
one  is  more  ready  to  bear  witness  to  the  great  value  of  Profesi 
Prestwich*s  many  papers  on  the  London  Basin  than  I  am,  for 
one,  probably,  has  used  them  more;   but  that  great  authority 
Tertiary  geology  would  never  claim  such  an  exclusive  right  to  1 
Bagshot  District,  the  structure  of  which  he  made  out  and  fi 
described  in  detail. 

There  happens  to  be  an  institution  known  as  the  "Geologi* 
Survey,"  whose  work  consists  in  recording  the  details  of  the  geolo 
of  these  islands.  Some  of  its  officers  (chiefly  a  former  colle^g 
Mr.  Polwhele,  a  Cambridge  man)  years  ago  surveyed  the  Bngsl 
District,  and  the  result  of  their  work  has  been  published  on  t 
Geological  Survey  maps.  Moreover,  in  the  course  of  my  own  wc 
on  that  Survey,  I  have  a  distinct  recollection  of  nmning  one  of  i 
so-called  **  Horizontal  Sections  "  across  that  district,  and  of  havi 
corrected  the  proofs  of  a  Memoir  (vol.  iv.  1872)  that  gives  a  detail 
description  of  the  Bagshot  Beds,  and  in  which,  I  believe,  the  pebb 
beds  were  for  the  first  time  described  at  any  length. 

This  note  is  not  written  with  any  wish  to  disparage  Mr.  Herri 
work ;  on  the  contrary,  I  welcome  an  addition  to  the  ranks  of  c 
Tertiary  geologists,  and  congratulate  him  on  his  enlargement  of  t 
local  Bagshot  fauna.  My  object  is  to  caution  young  geologi 
against  rashly  assuming  that  they  know  everything  that  has  be 
done  in  any  district  That  such  an  error  should  have  come  from  t 
Woodwardian  Museum  is  astonishing,  as  Professor  Hughes,  hims 
an  old  Survey  man,  could  at  once  have  enlightened  his  pupil. 

To  conclude,  I  assure  Mr.  Henries  that,  should  a  second  edition 

the  Geological  Survey  Memoir  on  the  London  Basin  be  called  for 

shall  make  use  of  his  paper  and  acknowledge  his  discoveries, 

which  I  hope  he  may  make  many  additions. 

Geological  Survey  Office,  William  Whitaker. 

28,  Jeemyn  Street,  London,  S.TV.,  11  Aprils  1881. 

FENTREMITES  IN  THE  MIDDLE  DEVONIAN  OF  DEVON. 
Sir, — Pentremites  not  bein|;  as  yet  in  the  British  Middle  Devonian  lists,  ma 
mention  their  probable  occnrrence  in  the  neighbourhood  of  Tonjuav  r'  I  have  pla 
two  specimens,  apparently  of  different  species,  in  the  hands  of  Mr.  R.  Etherid 
jun.,  who  (with  Mr.  P.  H.  Carpenter)  has  kindly  promised  to  examine  and  deMii 
them.  He  pronounces  them  to  oe  JSlasfoidca,  though  from  their  state  of  prt^servat 
the  genus  requires  further  investigation.  One  bears  a  superficial  resemblance 
J*efitremites  planM  (Sandb.).  A  third  specimen,  also  fragmentary,  is  in  the  collect 
of  Mr,  /.  E.  Lee. 

Chabante,  ToaauAY.  G.  F.  Whidborne. 
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L — Note  in  Explanation  op  Plate  VIL,  to  Illustrate  the 
Theory  of  Subsidence  and  Elevation  of  Land,  and  the 
Permanence  of  Oceans.^ 

By  J.  S.  Gam>nbr,  F.G.S. 

Fig.  1  is  intended  to  represent  a  section  across  an  ocean  basin.  It 
is  supposed  that  the  combined  weight  of  water  (1)  and  sediment  (2), 
acting  apon  an  elastic  layer  of  rock  (3),  compresses  the  fluid  layer 
which  underlies  it  (4),  and  forces  it  to  escape  laterally,  and  either  to 
accumulate  and  partially  solidify,  thus  raising  the  crust  above ;  or, 
where  the  tension  is  extreme,  and  the  resistance  inadequate,  to  form 
fissures  or  vent«.  The  continuously  sustained  pressure  towards  the 
centre  of  the  basin  constantly  converts  fresh  solid  into  fluid,  which 
escapes  again  and  again,  perhaps  at  intervals  of  centuries,  causing 
fresh  upheavals  or  eruptions,  perpetually  deepening  the  ocean  basin. 

The  relative  mass  of  sediment  to  crystalline  rock  may  be  enor- 
mously greater,  since  its  accumulation  must  have  been  increasing 
from  the  remotest  ages. 

Eia.  2  represents  the  basin  of  the  Pacific  with  its  encircling  chain 
of  volcanos,  and  is  after  Scrope. 

Fio.  3  is  an  ideal  section  similar  to  that  of  Fig.  1 ;  but  showing  in 
addition  sub-marine  lines  of  insufficient  resistance. 

In  the  article,  reference  to  one  of  the  most  striking  examples  of 
subsidence  being  directly  due  to  weight  of  sediment  was  omitted. 

The  constant  influx  of  brackish  water  seen  in  our  coal-fields,  and 
the  nature  of  coal,  show  beyond  doubt  that  it  was  deposited  at  or 
about  the  sea-level,  yet  in  the  South  Wales  district  the  Coal-measures 
are  10,000  to  12,000  feet  thick,  with  75  distinct  seams. 


II. — On  the  Genera  Mbrista,  Suess,  1851,  and  Dayia,  Dav.  1881. 

By  Thomas  Davidson,  F.R.S:,  etc.,  etc. 

IN  his  memoir  "Brachiop.  der  Kossener  Schichten,"  p.  17,  Prof. 
E.  Suess  proposed  his  genus  Merista,  giving  as  its  type  the  M, 
Herculea,  Barrande,  and  at  page  85  of  the  Grerman  edition  of  the 
general  introduction  to  my  work  on  British  Fossil  Brachiopoda  Prof. 
E.  Suess  redescribes  his  genus,  and  in  pi.  iii.  figures  its  spirals  and 
shoe-lifter  process;  but  neither  the  connexions  of  the  spirals,  nor 
their  attachments  to  the  hinge-plate,  had  then  been  discovered. 
Prof.  Suess  also  includes  in  his  genus  Merista  the  so-called  Atrypa 
iumida,  Dalman  (now  the  type   of  our  genus  Whitfieldia) ,  whose 

^  This  Plate  shonld  have  accompanied  Mr.  Gardner's  article  whicb  appeared  in  the 
Jane  Nomher,  see  pp.  241-245. — ^£dit.  Geol.  Mao. 
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iDtemal  and  differential  obanu>t«n  were  then  likewiaa  imfaiowii. 
In  our  British  Devonian  rockn  the  genna  Jfimtta  ia  r^ieaented  bf 
the  Meritta  plebeia,  or  =  »eaipi%m ;  bat  elthoiwh  Ur.  Guiit  has  bera. 

able  ia  Mveral  speoimeos  to  develcnpe  ita  apirau,  ha  entiraly  fiulsd  to 
expose  ita  loop,  on  aoooant  of  the  difflonlt  natnre  of  the  limeetone  or 
opaque  apar  which  fills  moat  of  the  apeoimens. 

Considering  it  to  be  Tery  deainble  that  the  interior  tAiBnoter  of 
this  important  genus  should  if  poasible  be  discOTered,  I  wrote  to  dot 
old  and  valued  friends  M.  Barnuide,  of  Prsgoe,  and  to  Pro£  i. 
Suess,  of  'Vienna,  and  requested  them  to  kindly  aesd  me  aome 
specimens  of  JHint'tla  Sereutaa,  that  the  Bev.  Norman  Glaaa  mig^t 
endeavour  to  work  ont  the  loop  and  the  attaohmeuta  to  the  hinge- 
plate,  which  had  not  been  hitherto  disoovered ;  and  thanks  to  bia 
great  skill,  experience  and  patience,  we  are  now  acqasinted  with 
the  whole  characters  bdonging  to  the  genna  nnder  description. 

The  prinoipal  sterna  formiog  the  spirals  are  attached  to  the  hing^ 
plate  a ;  from  thence  they  proceed  for  a  short  diatanoe  into  the  interior 
of  the  ahell  with  a  very 
gentle  inclination  forww^ 
and  at  h  they  are  abmptly 
ben  t  backwards  at  an  aonte 
angle  towards  the  bottom 
of  the  lateral  portions  of 
the  beak.  From  thence 
they  form  a  broad  rounded 
I  curve  facing  the  bottom  of 
the  dorsal  valve  c,  and  after 
converging  to  about  half 
their  length,  again  divide 
towards  the  front,  and  thus 
form  the  first  spiral  ooil. 
Again,  at  abont  half  tbeir 
length,  at  d,  the  principal 
lamellsB  widen  and  give  off 
another  lamella.  These 
lamellce  converge  from 
both  sides  towards  the  middle  of  the  interior  of  the  shell  between 
the  spiral  coils,  and  after  the  two  extremitins  have  oome  into  contact, 
the  lamella  thus  formed  proceeds  in  a  straight  direction  for  a  short 
distance  to  near  the  hinge-plate,  and  then  bifurcates  and  curvee 
round  on  each  side,  forming  two  slender  rings  e.  The  anterior 
border  of  these  rings  being  attached  a  little  below  the  plaoe  where 
the  converging  lamellffi  of  the  loop  become  united.  The  outer  edges 
of  the  rings  slope  gently  towards  the  bottom  of  the  dorsal  valve, 
and  are  rather  less  in  width  than  the  primary  branches  to  which  they 
are  attached.  The  spiral  cones  are  composed  of  ten  or  twelve 
convolutions,  the  number,  however,  varying  in  difierent  specimcna 
and  at  difi'erent  stages  of  growth.  Tbe  extremities  of  the  spirala 
ore  directed  towards  the  middle  of  the  lateral  portions  of  the  shell. 
In  the  ventral  valve,  under  the  beak,  are  two  roof-sbaped  platea 
£xed  by  their  lateral  margioa  to  the  medio-longitudinal  region  of  tbe 
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valve  and  with  their  narrow  end  fitting  nnder  the  extremity  of  the 
beak.     Prof.  King  compared  these  plates  to  a  shoe-lifter  process. 

With  very  small  differences  the  loop  of  Meri$tella,  Hall  (JIf. 
areuata,  Hall),  is  similar  to  that  we  have  described  in  Meri$ta,  and 
were  it  not  that  Merisiella  has  no  shoe-lifter  process,  it  would  not  be 
possible  to  distinguish  the  two  genera. 

Again,  Whitfieldia  (Atrypa  tumida  of  Dalman)  is  distinguishable 
from  both  Merista  and  MeristeUa  by  the  absence  of  those  peculiar 
ring-shaped  processes  attached  to  the  loop,  and  has  instead  only  a 
short  bifurcating  process  where  in  both  the  last-named  genera  the 
rings  are  formed.  These  three  genera  seem,  indeed,  closely  allied, 
although  each  contains  peculiarities  by  which  it  may  be  distinguished 
from  tibe  others. 

G^nus  Dayia,  Dav.  1881. 

Type  Terebratula  navicula,  J.  de  C.  Sowerby,  SiL  Syst.,  pi.  t.  fig.  17,  1837. 

At  page  191  of  my  Silurian  Monograph,  I  say,  "  Surely  this  shell 
differs  much,  both  by  its  external  as  well  as  its  internal  characters, 
from  those  peculiar  to  the  genus  Bhynchonella :  so  much  so  that  it 
may  hereafter  be  found  desirable  to  propose  for  it,  and  similarly 
characterized  shells,  a  separate  generic  or  sub-generic  desig- 
nation." In  1867  I  was  acquainted  with  the  interior  surface  of 
both  valves,  and  described  and  figured  in  detail  its  very  remarkable 
muscular  and  other  impressions ;  but  I  had  no  idea  that  the  shell  was 
provided  with  spiral  coils  for  the  support  of  the  labial  appendages. 
During  the  month  of  March,  1881,  the  Eev.  H.  Q.  Day  showed  me 
some  fine  specimens  of  the  so-termed  Bhynchonella  f  navtcula,  and 
offered  to  send  them  to  the  Kev.  Norman  Glass,  that  he  might  see 
whether  the  shell  was  possessed  of  spiral  appendages,  and  on  the 
22ud  of  the  same  month  Mr.  Glass  wrote  me  :  "I  now  send  you 
two  specimens  worked  out  of  B.  ?  navtcula,  showing  entirely  new 
spirals  and  loop,"  and  since  all  the  interior  characters  are  so  distinct 
from  what  we  find  in  other  spiral  -  bearing  genera,  Mr.  Glass 
suggested  that  I  should  propose  a  new  genus  for  the  shell  under 
description.  It  is  very  probable  even  that  we  have  in  our  British 
Silurian  rocks  other  species  referable  to  the  same  genus,  but  we  are  at 

present  acquainted  with  Dayia  navicula  only, 
so  that  the  generic  characters  may  be  taken 
from  that  as  the  type.  Exteriorly,  Dayia 
navictHa  is  elongated,  oval  or  boat-shaped, 
broadest  posteriorly — ventral  valve  very 
deep,  convex,  and  arched,  and  keeled  along 
the  middle,  beak  closely  incurved,  dorsal 
valve  slightly  convex  posteriorly,  anterior 
half  of  shell  concave,  surface  smooth.  In 
the  interior  surface  of  the  dorsal  valve  a 
slightly  raised  ridge  extends  from  under  the 
hinge-plate  to  about  half  the  length  of  the 
Intcriorof  the  dorsal  valye  of  valve,  and  on  either  side  are  two  scars 
Bayianaviet^a.  Devdoped  f^j.^^^  ^  ^^iQ  adductor  muscle.  On  the 
by  toe  ReT.  Norman  Glaas.  .    .         i    "^    j.    ai  i  •   i    \.       *> 

^  internal   cast  the   place  ocow^i^a  \>^   Xxiib 
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mesial  ridge  forms  a  longitudimd  groove,  the  masoiilar  impreamont 
being  slightly  in  relief  on  either  aide.  The  Booketa  are  widely 
separate.  The  primaiy  stems  of  the  spirals  are  attached  to  the  hinge- 
plate  of  the  dorsal  valve,  and  after  extending  parallel  to  each  other 
for  a  short  distance,  bend  at  right  angles  abruptly  towarda  the 
lateral  portions  of  the  beak,  and  form  two  large  oarvea  &oing  the 
lateral  portions  of  the  valve.  On  approaching  the  front  they  form 
four  or  five  convolations,  whidi  become  smiuler  nntil  Uiey  readb 
their  terminal  coil,  which  faces  the  middle  of  the  lateral  portions  of 
the  shell.  Near  the  front  the  primary  lamellae  give  off  two  proeosaea, 
which  converge  and  extend  between  the  spiral  coils  in  an  upward 
and  backward  direction.  After  becoming  united  towards  the  middle 
of  the  shell,  they  are  again  prolonged  in  the  shape  of  a  single  lamella, 
which  proceeds  upwards  for  a  little  distance  with  ita  extremity 
directed  towards  the  hinge-plate.  The  spiral  coils  are  therefore 
connected  by  a  loop  having  a  somewhat  similar  position  to  that 
described  by  Prof.  J.  Hall  in  Ztgotpira,  but  in  thia  laat  named  genua 
the  spiral  coils  have  their  extremities  facing  each  other  in  the  centre 
of  the  shell,  while  in  Dajfia  it  is  quite  the  reverse,  the  extremitiea  of 
the  spiral  coils  facing  the  lateral  portions  of  the  ^elL 

In  the  interior  of  the  ventral  valve  a  mesial  groove  extends  from 
the  extremity  of  the  beak  to  about  the  middle  of  the  shell,  and  on 
either  side,  running  parallel  with  the  hinge-line,  are  two  broad, 
rounded  projections,  at  the  outer  extremity  of  which  are  situated  the 
articulating  tooth ;  under  these  are  two  obliquely  placed  or  chevron- 
like,  elongated,  oval-shaped  muscular  scars,  considerably  raised  from 
the  bottom  of  the  valve,  these  projecting  parts  forming  correspond- 
ing depressions  in  the  internal  cast. 

We  are  therefore  now,  thanks  to  the  incomparable  skill  of  the 
Eev.  Norman  Glass,  fully  acquainted  with  the  characters  of  the  spiral 
arrangements  of  this  remarkable  genus,  and  which  I  name  after  the 
Eev.  H.  G.  Day,  in  consideration  of  the  important  help  he  has 
always  been  ready  to  offer  me  in  my  investigations  of  the  Silurian 
fossils  with  which  he  is  so  well  acquainted.  Placed  by  Sowerby  in 
1839  with  Terebratulay  by  M*Coy  in  Atrypa  in  1846,  with  JSypothyris 
by  Phillips  in  1849,  with  Rhynchonella  by  Salter  in  1859, 1  hope  it 
has  now  found  a  resting-place  in  DaytUj  being  entirely  dissimilar 
from  any  of  the  genera  above  quoted.  Dayta  navictda  seems  con- 
fined to  the  Upper  Silurian.  It  would  be  very  desirable  that  the 
interior  of  the  so-termed  Merista  f  cymhula  should  be  examined,  for 
it  bears  much  external  resemblance  to  Dayia  navictda. 

From  the  different  articles  we  have  inserted  in  this  year's  volume 
of  the  Geological  Magazine,  it  will  be  seen  how  very  important  it 
is  to  become  acquainted  with  the  loops  and  attachments  of  the  spirals 
in  the  spiral -bearing  genera  of  Brachiopoda.     Indeed,  it  has  been 
demonstrated  from  the  admirable  researches,  so  skilfully  conducted 
by  the  Eev.  Norman  Glass,  that  it  is  impossible  to  feel  certain  as  to 
the  genus  to  which  the  larger  number  of  the  spiral-bearing  species 
really  belong  until  their  interior  details  have  been  ascertained,  and 
how  fallacious  it  is  to  depend  solely  on  external  appearances. 
We   are,   unfortunately,  nol  'jel  ^Lcqjiwnted  with   the  internal 
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cbaEBotflr  of  the  following  Silurian  BriUab  spiral-bearing  species  of 
Braohiopoda,  and  any  one  posaeasing  duplicates  available  for  that 
purpose  ooald  not  serve  science  better  than  b;  placing  them  in  the 
able  hands  of  the  Bev,  Norman  Glass: — MeritUUa  T  anguatifrotu, 
M'Coy,  Bp.;  M.  f  Gird,  Barrande?;  M.  f  Madareni,  Haswell;  Jf. 
f  crtuia.  Sow. ;  Jf.  f  tub-wtdata,  M'Coy  ;  Atrypa  f  hem»phariea. 
Sow.  sp. ;  A.  t  Seotiea,  Dav. ;  A.  ITeadii,  Billings.  The  eo-termed 
TripUna  f  moni/./cm,  M'Coy ;  Tnpleiia  f  Orayia,  Dav. ;  Meriita 
*  eamanum  or  (ynJtvla,  Dav. ;  and  the  Bhyn.  ?  PetUiandiea,  also 
leqaire  internal  investigation. 

The  Bev.  Norman  Glass  has  also  recently  been  devoting  much 
attention  to  the  loop  and  spirat-bearing  species  of  British  Devonian 
Bracbiopoda,  with  admirable  results,  which  we  hope  to  make  known 
in  the  sequel. 

HL — Two  Niw  British  Cabbonifeboub  Insects,  with  Bemahes 

OK    TBOSa    ALBEADT    KNOWN. 

By  Samdei.  H.  Scuddbb,  Esq. 
AMirttnt-LibTahan,  Harvud  Coll^  Llbtarj,  Cambridge,  Man.,  U.S.A. 

BY  the  kind  communication  of  my  friend,  the  Eev.  P.  B.  Brodie, 
H.A.,  F.Q.S.,  I  have  been  able  to  study  two  very  striking 
wing- fragments  from  the  Coal-measures  of  Great  Britain,  which  are 
interesting,  not  only  fiora  the  excessive  rarity  of  such  remaina  in 
this  country,  bnt  also  from  their  relationship  to  the  two  or  three 
already  known. 


Wing  of  Bndia  priia/lini 

The  first,  which  1  call  Brodia,  in  honour  of  the  distinguished 
writer  on  the  Insects  of  the  Secondary  rocks  of  England,  is  an 
ancient  form  of  Ftattipennia  or  true  Netiroptera,  the  structure  of 
whose  wings  does  not  agree  with  that  of  any  of  the  existing 
families  of  the  group,  but  rather  shows  a  combination  of  features 
vrbich  now  distinguish  separate  families.  It  has  the  general  aspect 
uf  a  gigantic  Panorpa,  borrowed  from  its  form,  its  markings,  the 
presence  of  a  few  scattered  cross-veins,  and  the  course  of  the 
mediastinal  nervure.  When,  however,  its  neuration  is  carefully 
observed,  the  scapntar  vein  is  seen  to  be  fundamentally  different, 
though  its  position  and  the  origin  of  its  main  branch  is  similar  ;  for, 
while  in  both  cases  the  area  it  occupies  is  important,  in  the  Panor- 
pina  the  main  branch  divides  dichotomoaaly  throughout,  e.ad  \t& 
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offshoots  take  a  longitadinal  diraotioii;  while  in  Brodia  the  maiii 
branch  emits  oblique  shoots  at  regular  intervals  downward  and 
oatward,  as  it  does  in  other  Plampemua^  bot  not  in  Fmunfima ;  the 
veins  below  the  soapnlar  are  also  veiy  diffwent  from  what  they  are 
in  PanorpinOt  and  relatively  to  the  rest  of  the  wing  mnoh  leai 
important 

With  the  HemerMna,  the  wide  space  between  whose  marginal 
and  mediastinal  veins  is  filled  with  nnmeroos  obliqae  and  genenily 
forked  veinlets,  and  whose  soapnlar  vein  has  nnmerons  aeotors^  this 
ancient  type  has  less  to  do.  In  these*  the  m'ediastinnl  vein  extends 
nearly  to  the  tip  of  the  wing,  while  in  Brodia  it  tarminaftea  a  little 
beyond  the  middle.  The  JETesMrofttiia,  however,  diffnr  from  other 
Planipenma  in  the  insignificant  part  nsnally  played  by  the  ezteroo- 
median  vein,  which  is  freqaendy  almost  entirdy  simple  or  only 
forked  once  in  the  apical  half  of  its  conrse.  Ihis  peooliarity  is 
borrowed,  though  not  in  a  •striking  degree,  by  Brodia^  i^ere  this 
vein  is  forked  once  about  the  midme;  but  whose  brandhes,  widely 
distant  like  those  of  the  scapular  vein,  cover  a  oonsideraUe  area. 

The  more  essential  features  of  this  andent  wing^  howev«r»  fore- 
shadow the  characteristics  of  the  StoZtna.  In  form,  while  it  is  not 
very  different,  it  has  none  of  the  arching  of  the  costa  almost 
universal  among  Sialina,  and  usually  accompanied  in  modem  types 
by  a  broad  space  between  the  marginal  and  mediastinal  veins,  not  at 
all  displayed  by  Brodia.  In  the  brevity  of  the  mediastinal  vein 
Brodia  resembles  the  Baphidiana,  but  the  neuration  of  the  rest  of 
the  wing  is  completely  different,  while  in  the  Sialida  proper  the 
mediastinal  vein  always  continues  nearly  to  the  tip  of  the  wing. 
The  course  and  distribution  of  the  branches  of  the  scapular  vein, 
however,  are  of  greater  importance,  and  in  this  respect  Brodia 
agrees  very  well  with  the  Sialina ;  again,  however,  the  simplicity 
of  the  intemomedian  vein  in  Brodia,  where  it  consists  of  only  a 
single  undivided  ray,  is  very  different  from  that  now  found  in 
Sialids,  where  it  is  always  divided  and  often  plays  a  somewhat 
important  part 

Brodia,  then,  is  a  Planipennian  in  a  broad  sense,  refusing  to 
affiliate  closely  with  the  restricted  families  of  the  present  day.  Nor 
does  it  appear  to  be  intimately  related  to  any  Pidseozoic  insect  yet 
described.  It  is  also  peculiar  for  possessing  a  very  large  number  of 
fine  cross- veins  or  wrinkles,  besides  the  §tout  cross-veins  which  are 
scattered  here  and  there  over  the  wing;  the  latter  are,  however, 
confined  to  dark  patches  to  be  mentioned  presently ;  while  the 
former  are  uniformly  distributed  over  the  wing,  subequidistant,  and 
always  run  at  right  angles  to  the  nervnres  they  connect,  even  where, 
by  keeping  that  course,  they  strike  the  often  obliquely  dii-ected, 
stouter  cross- veins. 

In  the  preservation  of  its  colours,  Brodia  is  the  most  striking 
instance  known  among  PalsBOzoic  insects  ;  the  markings  are  sharply 
defined,  and,  to  judge  from  £rongniart*s  .illustrations,  more  deeply 
tinted   than  in  Protophaama  Dumasi,  which  he  has  described  in 
this  Magazine/  and  elsewhere.    The  stone  on  which  the  wing  ol 
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Brodia  is  preserved  is  of  a  dull  grey  colour,  and  the  hyaline  parts 
of  the  wing  do  not  differ  from  it  in  tint.  The  margins  of  the  wing, 
however,  are  nearly  black,  while  the  anterior  part  of  the  wing 
next  the  scapular  vein  is  dull  brown ;  below  this  are  three  broad 
transverse  belts,  one  in  the  middle,  and  the  others  in  the  middle  of 
either  half  of  the  wing,  which,  and  especially  the  two  outer,  are 
of  a  distinct,  though  dull,  umber  brown ;  these  belts  are  very 
irregular  in  outline,  following  in  many  cases  the  course  of  the 
transverse  veinlets.  All  the  margins  of  the  wing  are  armed  with 
fine  black  spinules,  generally  set  in  a  double  row. 

From  the  excellent  preservation  of  the  markings  the  species  may 
take  the  name  of  Brodia  priscotincta.  The  wing  as  preserved  is 
44  mm.  long  and  12  mm.  broad.  The  possible  length  of  the  com- 
plete wing  was  about  55  mm. 

The  second  specimen  is  a  fragment  of  the  basal  part  of  a  wing, 
which,  as  it  shows  the  roots  of  all  the  principal  veins,  can  be  placed 
with  a  strong  degree  of  probability  in  the  same  general  group  as 
some  other  Palseozoic  wings ;  and  yet,  as  it  differs  strikingly  from 
all  of  them  in  certain  features,  and  from  its  immense  size  can  be 
confounded  with  none,  merits  distinct  mention  and  a  name.  The 
fragment  itself  must  have  been  known  for  a  long  time,  though  I 
find  nowhere  any  reference  to  it ;  besides  the  piece  sent  me  by  Mr. 
Brodie,  I  have  casts  of  its  reverse,  given  me  about  ten  years  ago  by 
Mr.  Woodward,  the  original  of  which  is,  I  believe,  in  the  British 
Museum. 

This  fragment  is  remarkable  for  representing  the  largest  known 
insect- wing  from  the  Palaeozoic  rocks,  not  excepting  the  Acridites 
formosus  of  Goldenberg  from  Saarbriick,  or  my  Megathentomum 
pusitdatum  from  Illinois.  Certainly  not  more,  probably  much  less, 
than  the  fifth  of  the  wing  is  preserved ;  but  the  direction  of  the 
veins,  their  very  great  robustness,  and  the  extraordinary  distance 
apart  of  the  upper  three  ai*e  clear  indications  that  the  spread  of  wing 
enjoyed  by  this  insect  was  not  less  than  ten,  and  may  even  have 
been  more  than  fourteen  inches ;  all  the  principal  veins  are  a 
millimetre  or  more  thick,  and  the  cross-veins  of  the  upper  two 
interspaces  are  tolerably  distant,  stout,  prominent,  and  generally 
simple.  The  marginal  vein,  forming  the  front  border  of  the  wing, 
is  studded  with  short  oblique  spines.  The  other  veins  lie  at  very 
different  levels  on  the  stone,  and,  below  the  interspaces  mentioned, 
seem  rather  closely  crowded,  and  are  much  more  curved,  sweeping 
downward,  while  the  upper  veins  show  little  tendency  to  turn  from 
a  longitudinal  course.  All  the  principal  veins  are  present,  and 
from  their  trend  and  relative  level,  and  from  the  width  and  nature 
of  the  interspaces,  there  can  be  no  question  that  the  insect  belongs 
to  the  same  group  with  the  Corydnlis  Brongniarti  of  Mantell,  and  the 
LithomarUis  carhonarius  of  Woodward,  and  is,  indeed,  only  to  be 
separated  generically  from  them. 

For  this  gigantic  insect  the  name  of  ArcluBoptilus  ingens  is  pro- 
posed.    The  length  of  the  fragment  is  43  mm.  and  its  width  32  mm. 

This  naturally   leads  to   an   inquiry   into   the  proper  zoolo^loal 
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position  of  lUhonuMUU  earbmumna  tu^d  Cbtfcblb  Amfsfarfl,  tlii§ 
*<  marked  similarity  "  of  whioli  Mr.  Woodwafd  bimaelf  poiiite  oo^ 
figtmng  them  aide  by  side  in  deaoribing  tbe  foniier. 

Mr.  Woodward  ia  aaanredly  miaiaken  in  vaferring  LUkmaudk  to 
''the  neighbonrhood  of   the  Mamiidm,**  notwiUiatanding  tbafc    lia 
supports  himself  by  tbe  adherenoe  to  hia  viewa  of  anoh  aUe  ento- 
mologists as  Measra.  Weatwood,  Waterbonae  and  M^Lachlan,  wbo 
can  hardly  have  made  a  aeriona  atndy  of  the  nenration.    It  beara 
indeed  a  vague  resemblanoe  to  that  of  the  MamUda,  exoepti^g  in 
tbe  bind  winga,  where  the  foUneaa  of  the  anal  aiea»  with  ite  qpettal 
development  of  folding  raya  in  the  inaeot  of  to-day,  need  not  be 
looked  for  in  ita  leaa  speoalized  anoeator ;  but  when  tibie  elemeota  of 
the  neuration  are  examined,  the  reaemblanoe  ia  aeen  to  be  purely 
snperfioial.    Then  it  appeara  that  IMamamUg  agreea  with  odier 
ancient  typea,  and  not  at  all  with  the  Mantidm.    Tbe  fnmi  wiqg  of 
the  Mantida  has  a  very  peonliar  and  diaraoteiiatio  neuation.    Tlie 
marginal  vein  forma  Uie  front  bCMrder  of  the  wing,  as  I  believe  il 
never  doea  in  any  aaltatorial  OrikofUra,  and  alwag^a  doea  in  the 
Neuropiera.     The  mediastinal  vein  ia  simple^  and  'fima  in  dose 
proximity  to  the  aoapnlar,  terminating  near  the  tip  of  the  wing; 
So  far  there  ia  nothing  essentially  different  from  the  condition  of 
things  in  LithamantiB  ;  but  in  tbe  next  three  veins  all  is  different. 
To  use  the  specific  example  (BlephartB  domina  of  Africa)  given  by 
Mr.  Woodward :  the  scapular  vein  is  perfectly  simple  as  far  as  the 
extreme  tip,  when  it  divides  into  three  very  short  nervnles  support- 
ing the  apical  margin.     In  Liihomantts,  however,  it  emits  a  stout 
inferior  branch  near  the  middle  of  the  wing,  which  runs  parallel  or 
nearly  parallel  to  the  main  vein,  and  probably  (if  it  is  like  ita  allies 
of  tbe  time)  sends  off  several  branches  to  the  lower  apical  margin. 
As  this  is  one  of  the  principal  veins  of  the  wing,  differences  which 
occur  here  are  significant,  and  there  is  hardly  any  group  of  insects 
which  has  so  unimportant  a  scapular  vein  as  the  Mantida*     The 
differences  are  even  more  striking  in  the  next  two  veins,  better 
preserved  in  the  fossil.    In  BlephartB  (and  it  is  much  the  same  in  all 
Mantida)  the  externomedian  vein  is  divided  at  base  into  two  main 
stems,  the  upper  of  which  runs  in  close  proximity  to  the  scapular, 
and  in  the  outer  half  of  the  wing  sends  downward  three  or  four 
conspicuous  oblique  veins,  which  appear  at  first  glance  precisely  as 
if  they  were  offshoots  of  the  scapular,  which  they  are  not  at  all ; 
they  only  perform  the  office  of  such  offshoots  in  other  wings ;  the 
lower  branch  takes  an   irregularly  longitudinal  course  below  the 
upper  branch,  and  emita  similar  veinlets  to  the  lower  margin ;  and 
the  entire  area  occupied  by  tbe  two  branches  of  this  vein  and  their 
offshoots  covers  very  much  the    larger  part  of  the   wing.      The 
internomedian  vein,  on  the  contrary,  is  exceedingly  simple,  being 
forked  only  once  (often,  in  other  Mantidaj  not  at  all),  and  occupies 
much  less  space  than  even  the  anal  area.    Now  in  Zithomantis  the  casei 
is  very  different;  the  externomedian  vein  does  not  divide  at  all  until 
near  the  middle,  and  then  only  once  or  twice,  its  branches  covering 
an  area  which  is  certainly  much  less  than  a  quarter  part  of  the  wing, 


S.  JST.  Scudder — New  Carboniferous  Insects,  297 

while  the  intemomedian  vein  subdivides  nameroasly,  no  less  than 
eight  final  nervures  reaching  the  margin  and  covering  an  area, 
certainly  as  great  as,  and  apparently  considerably  greater  than,  that 
of  the  extemomedian  vein.  These  singular  differences  between  the 
Mdntida  and  lAthomantts,  affecting  the  distribution  of  the  three  most 
important  veins  of  the  wing,  leave  no  doubt  whatever  that  the 
apparent  resemblances  between  the  two  are  only  superficial,  and 
that  Liihomaniis  can  with  no  propriety  be  referred  to  the  Mantida, 

What  place  then  should  be  assigned  to  Lithomantts  ?  I  believe 
we  should  compare  it  with  certain  other  Palseozoic  wings,  and 
notably  with  Corydalis  Brongniarii  of  Mantell,  to  which  indeed 
Woodward  haa  himself  compared  it,  giving  at  the  same  time  an 
original  figure  of  this  interesting  fossil. 

This  insect  is  especially  interesting  from  its  being  the  first 
discovered  in  Palseozoic  rocks,  and  that  at  a  time  when,  to  use  the 
words  of  Audouin,  no  fossil  insect  was  known  either  from  the  Lower 
Oolite,  the  Lias,  the  Eeuper,  the  Muschelkalk,  or  the  New  Red 
Sandstone ;  still  less  in  any  older  rocks.  How  astonishing  then 
it  must  have  been  to  find  this  trace  in  the  Coal  1  It  was  at  first 
supposed  to  be  a  plant,  and  as  such  was  sent  by  Mantell  to  Brong- 
niart,  with  other  remains  from  Shropshire.  Brongniart  placed  it  in 
Andouin's  hands,  and  he  drew  attention  to  it  on  several  occasions, — 
before  the  Entomological  Society  of  France,  the  Academy  of  Sciences, 
and  the  Assembly  of  German  Naturalists  at  Bonn,  asserting  its 
relationship  to  Neuroptera,  where  he  placed  it  in  the  neighbourhood 
of  HemerohiuSy  SembltSf  Mantispa,  and  especially  of  Corydalis, 
Mantell  accordingly  figured  it  in  1839,  in  his  Medals  of  Creation, 
under  the  name  of  Corydalis^  adding  in  the  second  edition  in  1844 
the  specific  name  Brongniarti.  The  figure  given  by  Mantell  is 
thoroughly  bad,  niot  one  of  the  veins  being  correctly  drawn,  and 
giving  an  altogether  false  idea  of  the  wing ;  that  by  Murchison,  in 
the  various  editions  of  his  "  Siluria,"  is  apparently  made  from  the 
same  drawing,  and  therefore  almost  equally  bad;  the  anal  veins 
alone  are  more  correct. 

No  further  notice  appears  to  have  been  taken  of  this  wing  until, 
in  1874,  Swinton,  and  again,  in  1876,  Woodward,  gave  us  new 
illustrations  of  it,  which  leave  little  to  be  desired.  Swinton  thought 
he  had  discovered  the  relics  of  a  stridulating  organ  at  the  base  of 
the  wing,  and  compared  it  to  similar  characteristics  alleged  to  be 
present  on  the  under  surface  of  the  front  wing  of  the  modem 
Qryllacris,  He  accordingly  referred  the  wing  to  the  Orthopiera,  and 
even  to  the  Locustarian  genus  Gryllacris.  This  view  cannot  possibly 
be  maintained,  and  a  more  unfortunate  comparison  could  hardly 
have  been  made.  Swinton  himself  acknowledges  that  he  could  not 
succeed  in  finding  a  species  of  Gryllacris  "  with  an  effective  file," 
and  the  resemblance  of  one  he  figures  cannot  be  ascribed  to  a 
stridulating  apparatus ;  for  (1)  the  "  file "  he  figures  could  not 
jproduoe  any  sound  when  brought  into  contact  with  a  similar 
structure  on  the  opposite  wing,  since  from  their  course  the  two 
^would  not  be  brought  into  the  proper  relations  to  each  other,  or  at 
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least  into  snob  relations  as  they  always  are  brought  in  strf dalating 
Orihoptera;  (2)  but  it  oonld  not  be  bronght  at  all  into  oontaot 
with  the  similar  part  of  the  opposite  wing^  the  wing-insertions  being 
far  apart  in  OryuaertB,  and  the  supposed  file  lying  at  the  extrsme 
base  of  a  vein  in  the  middle  of  the  wing ;  (3)  if  tiais  were  a  strida- 
lating  organ,  it  would  not  only  lie  in  a  different  area  from  where  it 
lies  in  all  other  LoeustarianB,  ont  would  agree  with  its  plaoe  in  no 
other  Orthoptera  whatever.^ 

The  supposed  file  in  OryUaerit  being  no  stridulating  app«ratu8, 
any  comparisons  between  it  and  the  foosil  from  this  point  of  view 
are  of  course  misplaced;  but,  aside  from  this,  the  position  and 
course  of  the  supposed  file  of  the  fossil  is  entirely  different  from 
that  of  the  supppsed  file  in  (TryOoms,  more  indeed  as  it  really  is  in 
LociistarianB.  But  a  careful  examination  of  oasts  of  both  obverse 
and  reverse,  kindly  given  me  by  Mr.  Woodward,  and  which  show 
even  more  details  t£ui  are  given  either  l»y  Bwinton  or  Woodward 
(as,  for  instance,  the  spiny  nature  of  the  edge  of  the  oostal  margin), 
brings  nothing  to  light  which  lends  any  support  to  this  supposition. 

In  bis  comparison  of  the  general  nenration  of  thefossQ  wing  and 
the  modem  OtyUaerU^  Mr.  Swinton's  language  is  vagne^  but  his 
conclusion,  though  evident,  is  wholly  erroneous.  It  needs  only  the 
figures  upon  bis  plate  to  point  out  the  essential  differences  in  the 
neuration.  In  the  first  place,  a  distinction  of  prime  importance 
appears  in  the  marginal  vein,  which  forms  the  border  (and  is  heavily 
spined)  in  the  fossil,  is  widely  removed  from  it  in  GryUacris,  the 
margin  being  formed  of  a  film  supported  by  superior  offshoots  from 
the  marginal  vein,  which  of  course  do  not  exist  in  the  fossil.  In 
QryllacrtBy  the  scapular  vein  is  crowded  with  a  narrow  space, 
embracing  on  the  margin  only  the  extreme  tip  of  the  wing;  while 
no  such  contraction  appears  in  the  fossil,  where  the  area  embraced 
by  this  vein  must  cover  the  entire  apical  margin.  The  extemo- 
median  vein  of  the  fossil  is  closely  crowded  against  the  scapular  at 
base,  and  parts  from  it  beyond  with  a  sweeping  curve  (as  in  most 
Neuroptera),  appearing  as  if  a  branch  of  it ;  while  in  GryllaeriB  it 
lies  midway  between  the  adjacent  veins,  and  has  scarcely  the 
slightest  downward  tendency,  its  branches  being  equally  parallel 
instead  of  divergent.  The  intemomedian  vein  in  the  fossil  is  widely 
separated  on  either  hand  from  the  adjoining  veins  ;  while  in 
Gryllacris  it  is  equally  crowded  with  the  others.  Finally,  all  the 
branches  of  the  latter,  as  well  as  those  of  the  preceding  vein, 
impinge  upon  the  apical  maigin  in  GryllacrtB ;  while  in  the  fossil 
tbey  strike  the  lower  border  of  the  wing. 

These  differences,  many  of  which  separate  also  most  of  the 
families  o^  Orthoptera  from  those  of  Neuroptera,  prove  that  the  fossil 

1  Previous  to  the  receipt  of  this  paper  by  the  Editor,  Mr.  R.  Etheridge,  jun.,  bad 
occasion  to  examiue  Mr.  Swinton's  figured  specimen,  contained  in  tbe  British  Museum 
Collection.  Mr.  Etheridge  is  convinced  that  not  the  slightest  trace  of  any  organ,  as 
figured  by  Mr.  Swinton  (Geol.  Mao.  Dec.  II.  1874,  Vol.  I.  Plate  XIV.  Fig.  3, 
*' file"),  exists  on  the  specimen  in  question.  The  supposed  ** stridulating  organ  '* 
is  in  fact  only  a  fracture  of  the  surface  of  the  nodule,  in  which  the  wing  is  preserved. 
This  is  shown  both  on  the  fossil  and  its  counterpart. — Edit.  Geol.  Mao. 


8.  E".  Bcudder — New  Carboniferous  Imecis.  299 

18  Mridely  distinct  from  Oryllcusri$,  which,  on  its  side,  hsis  a  neuration 
more  widely  allied  to  that  of  Neuroptera  than,  perhaps,  any  other 
group  of  Neuroptera  ;  any  comparison  with  other  Orthoptera  would 
therefore  be  still  more  vain,  the  neuration  of  the  fossil  wing  bearing 
so  much  closer  resemblance  to  that  of  tliose  groups  to  which 
Aadouin  at  first  referred  it 

Compared  even  with  Brodia,  it  will  be  seen  that  the  essential 
features  of  the  neuration  are  the  same,  with  the  single  exception  of 
the  mediastinal  vein,  which  in  Jirodia  ends  on  the  margin  not  far 
from  the  middle  of  the  wing ;  while  in  this  ancient  ''  Corydalia  "  it 
extends  no  doubt  nearly  or  quite  to  the  tip.  But  exactly  such 
a  difference  as  this  is  found  to-day  between  Raphidiida  and  Sialida, 
and  there  can  be  little  doubt  that  all  four  of  the  wings  which  have 
now  been  discovered  (comprising  all  the  important  fragments  of 
wings  from  the  English  Carboniferous  rocks  but  one— a  cockroach) 
belong  to  an  ancient  type  of  Planipennian  Neuroptera. 

Of  these  the  two  which  are  most  nearly  related  to  each  other 
are,  nnquestionably,  the  Corydcdis  Brongniarti  of  Mautell  and  the 
lAihomantis  carbonaria  of  Woodward.  Indeed,  the  resemblance 
between  them  is  so  close  that  one  would  almost  consider  them  as 
belonging  to  the  same  genus.  The  basal  narrowness  of  the 
margino-mediastinal  interspace,  however,  as  well  as  the  con- 
siderably greater  importance  of  the  intemomedian  area  in  Litho- 
manUi,  forbid  this,  though  the  course  and  general  disposition  of 
every  principal  vein  is  nearly  identicaL 

Corydalis  Brongniarti,  tlien,  being  generically  distinct  from  its 
synchronous  allies,  and  widely  different  from  living  types,  merits 
a  distinctive  name,  and  may  be  termed  Lithosialis,  to  recall  its 
relationship  to  the  forms  to  which  Audouin  first  compared  it.  •  From 
lAihomantiB  it  differs  in  the  points  just  mentioned ;  from  Brodta  in 
the  basal  breadth  of  the  margino-mediastinal  interspace,  the  much 
more  numerous  branching  of  all  the  lower  veins,  and  the  greater 
extent  of  the  mediastinal,  besides  the  more  uniform  breadth  of  the 
whole  wing ;  from  Archaoptilus,  in  the  proportionally  narrow  area 
occupied  at  the  base  of  the  wing  by  the  upper  two  interspaces,  and 
the  far  later  division  of  the  externoraedian  vein. 

Objection  would  perhaps  be  made  by  some  to  the  retention  of 
Woodward's  name  of  Zithomantis  for  an  insect  whose  supposed 
resemblance  to  the  Mantida  is  found  to  be  erroneous,  and  which 
does  not  even  fall  within  the  suborder  to  which  the  Mantida  belong ; 
but,  aside  from  the  fact  that  it  belonged  to  an  age  when  the 
characteristic  features  of  Orthoptera  and  Neuroptera  were  more  or 
less  blended,  its  outward  aspect  is  at  first  glance  by  no  means  very 
different  from  the  insect  to  which  Woodward  has  compared  it ;  and 
the  retention  of  the  name  has  an  historic  interest  which  should  not  be 
disregarded;  the  number  of  Palaeozoic  insects  is  not,  and  is  not 
likely  to  become,  so  great  as  to  render  the  name  itself  an  obstacle  to 
a  knowledge  and  easy  recollection  of  its  true  affinities. 

The  following  list  contains  the  British  Carboniferous  hexapod 
insects  discovered  up  to  this  time. 
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.  LilkotialU  Brotgniarti  (Bopra). 

Ovy^iM  (illMil  Iv; ,  AuliNia,  1^  Sac  EaMM.  Fnas,  wL  O.  fi^  fi 


Lmid.  ToL  luiL  pi.  a.  tf.  2, 
Coftlbrook  Dale,  Shropsliire. 

2.  LUkonantit  earhanarim.  Woodward,  Qiurt.  Jooni.  GeoL  Soc  Lond. 

vol.  xuciL  pi.  ix,  fig.  1.     Soolluid. 

3.  Arrhatopliltu  ingeBt  (supra),  oe&r  Cbesterfield,  between  Sbelun 

aod  Oiaj  Lane.     Derbyshire. 

4.  Brodia  priteolmeta  (eupni).     Tipton,  StaSordsblre. 

Obthopteba. 

1.  Eloblaltina  mantidioiiUM,  Scudder,  Pal.  Cockroaches,  pL  iiL  fig.  3. 

Illnif.uo  »p,.  KnVhj,  CioL.  MiB.  Vol.  n-.  PI.  STII.  Fie.  6. 

/Ih'trtmu,  :^„„t,.-l,-idn,  Uoldeuberg,  Fauna  Ssr.  Fobb.  ttJ.  u.  p-  20. 

Cl/i);li'ii^li,  Itiiil.-ihi.  An  indeterminate  fragment  of  another 
wing,  perhaps  of  the  same  apeuies,  is  mentioned  and  figand  b; 
Kirkby,  ia  the  same  place. 

2.  Phaimida,  sp.  Kirkby,  Gml.  Mao.  VoL  IV.  PL  XVIL  Rg.  8. 

CoLIOrTEBA. 

1.  CurealioideB  AnBtteii,  Buckland,  Geology,  pi.  xItL  Sg.  1.  Coal- 
brook  Dale,  Sbropshire. 

ThQ  other  species  described  by  Bnokland  aa  a  beetle  has  been 
sbowD  by  Woodward  to  be  an  Araehmd. 

A  more  extended  paper  on  the  inaeota  diacoMed  here  will  appear, 
with  a  plate,  in  the  Memoirs  of  the  Boston  Society  of  Natural  History. 


IV. — PBOFBseoK  Cabi.  Voot  os  thb  Aschxoptmmtx, 
By  Pbot.  H.  Q.  811LBT,  F.B.S.,  etc. 

IN  the  Bevue  Seiealijiqae  for  the  ISth  of  September,  1879,  Professor 
Carl  Togt  published  a  remarkable  article  on  the  Archceopterys. 
This  Memoir  beiog  in  a  periodical  that  would  not  come  under  Uie 
notice  of  all  readers  in  this  country,  an  excellent  translation  of  the 
paper  was  published  in  the  Ibit.  It  is  di£Qcult,  if  nut  indeed  Boni«> 
what  unhandsoroe,  to  criticize  Carl  Vogt's  contribution  ;  seeing  that 
it  tnakea  known  the  famous  second  skeleton  of  Archieopteryx,  which 
had  long  evaded  all  efforts  to  learn  its  characters.  The  present 
writer  followed  it  from  Solenhofen,  in  its  migrations  over  Germany, 
only  to  find  it  guarded  like  a  sacred  mystery  in  the  bouse  of  Otto 
Volger,  in  Franklbit  But  while  very  difficult,  from  not  having  seen 
the  specimen,  for  me  to  apeak  with  any  confidence  on  points  of  the 
anatomy  of  ArehcBopteryx  in  which  Carl  Vogt's  conclusionB  may  be 
open  to  discussion,  it  is  much  easier,  and,  indeed,  almost  a  pleasant 
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dnty,  to  differ  from  him  emphatically  in  the  philosophical  conclu- 
sions drawn  from  his  study  of  the  slab.  And  I, here  offer  a  few 
remarks,  since  the  like  have  not  been  volunteered  from  any  one 
more  competent  to  speak  on  the  subject,  concerning  reasons  why 
naturalists  should  at  least  hold  their  judgment  in  suspense  before 
adopting  some  of  the  learned  Professor's  new  conclusions,  and  in  the 
hope  of  elucidating  the  true  nature  of  this  singular  fossil. 

I   will   now  proceed   to  give  an  abstract  of  the  translation  in 
the  lh\9,  with  some  comments.^    The  head  is  described  by  Vogt  as 
small,  pyramidal,  with  the  top  nearly  flat,  and  the  occiput  obliquely 
truncated.   The  orbit  is  large,  the  nostril  in  front  of  it ;  there  are  two 
small  sharp  conical  teeth  at  the  end  of  the  upper  jaw.    The  author  is 
uncertain  whether  the  bone  below  the  skull  is  the  lower  jaw  or  the 
byoid  bone.    He  remarks  that  what  one  sees  of  the  specimen  shows 
clearly  that  it  is  a  true  Reptile's  head.    On  this  point  it  is  impossible 
not  to  wish  that  Professor  Vogt  had  given  reasons  for  his  conclusion, 
for  I  fail  altogether  to  recognize  reptilian  characters.    If  the  skull  is 
reptilian,  what  reptile  does  it  resemble  ?  or  if  there  be  no  resemblance 
to   any   order  of  Reptilia   in    particular,   what   are    the  point*  of 
stmcture  which  show  it  to  be  reptilian  ?    I  fail  to  make  out,  either 
that  the  quadrate  bone  was  blended  with  the  skull,  or  that  the  post- 
frontal  bone  had  the  usual  reptilian  form  ;  or  that  the  skull  possessed 
post-orbital  arches  such  as  often  characterize  reptiles.     After  the 
discovery  that  teeth  may  exist  in  the  jaws  in  combination  with 
typical  bird  structure,  as  demonstrated  by  Professor  Marsh,  we  can- 
not rely  alone  on  the  teeth  of  Archceopteryx  in  evidence  that  the 
skull  was  reptilian.   The  skull  is  very  different  from  that  of  Sesper- 
orntSf  and  altogether  distinctive  in  the  position  of  the  eyes,  below 
and  in  front  of  the  brain-case  ;  but  in  this  there  is  nothing  unusual 
in  the  bird  class,  and  the  whole  post-orbital  region  seems  to  me  to 
be  altogether  avian,  and  to  display  the  convex  osseous  covering 
of  the   cerebral    hemispheres,   with   a   posterior   compression   and 
elevation   of  the    skull  into  a  ridge  or  crest  above  the  region  of 
the   cerebellum.     The   circle   of  over-lapping  eye-plates   goes   for 
nothing  either  way,  nor  can  any  inference  be  drawn  from  the  posi- 
tion of  the  nostril.     Therefore,  while  fully  admitting  "  an  elaborate 
study,  requiring  much  time  and  care,  would  be  needed  to  describe 
the  bones  of  the  head,"  it  seems  to  me  that  Professor  Vogt  asks  his 
readers  to  take  his  conclusions  about  the  skull  in  faith  as  though  he 
were  the  exponent  of  an  infallible  science ;  and  this  is  exactly  what 
we  are  forbidden  by  our  belief  in  evolution  to  do. 

The  neck  is  stated  to  be  as  long  as  that  of  a  pigeon  of  the  same 
size ;  it  is  bent  in  the  form  of  a  horse-shoe,  and  is  said  to  probably 
include  eight  vertebr®,  furnished  with  free  ribs.  In  form  and  pro- 
portion the  vertebrae  are  avian,  as  are  their  ribs ;  which  were 
probably  united  to  the  vertebras.  The  author  counts  ten  dorsal 
Vertebrae,  which  are  thick,  short,  as  broad  as  high,  and  have  no 
elevated  neural  spines.     The  dorsal  ribs  are  fine,  thin,  curved,  and 

*  The  Plate  intended  to  accompany  this  notice  not  being  available,  a  new  one 
will  be  given  next  month. — Edit.  Geol.  Mao. 
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show  no  trace  of  uncinate  procesaee.  lliere  are  free  atemal  riba^ 
which  the  author  aupposes  to  have  been  fixed  to  an  abdominal  linear 
sternum.  The  pelTia*  well  shown  in  the  British  Hnsenm  specimen, 
is  here  sud  to  be  imbedded.  Apparentlj  its  charactera  are  alto- 
gether different  from  those  displayed  in  the  first  slab,  since  tbe 
femora  are  in  natural  position;  and  the  fore  part  of  Ilie  saonun, 
and  apparently  its  hind  part  also,  are  laid  hm  without  exposing 
any  trace  of  the  long  ilium  or  of  the  other  pelyio  bonea.  llie  tau 
is  very  long. 

The  pectoral  and  pelyio  arches  next  come  under  consideration. 
The  author  confesses  to  some  doubt  concerning  the  structure  of  the 
shoulder  girdle,  which  is  quite  free  from  we  body.  Two  long 
slender  bones  are  directed  backward ;  these  are  identified  as  scapubB^ 
and  it  is  observed  tliat  they  are  formed  nearly  as  in  PterodacCyks 
and  Birds.  Between  the  riightly  expanded  anterior  ends  of  the 
scapakd  is  a  bony  mass  which  Professor  Vogt  regards  as  the 
ooracoids.  I  should  rather  suspect  that  this  median  mass  is  the 
sternum,  though  in  that  case  uie  ooracoids  remain  unrecogniied. 
This  view  Vogt  has  considered  and  rejected.  There  appean  to  me 
to  be  a  groove  on  the  anterior  margin  of  this  median  mass,  audi 
as  would  contain  the  distal  ends  of  the  ooracoids,  and  from  the 
angle  at  which  the  ooracoids  probably  met  the  scapula,  they  would 
naturally  lie  beneath  those  bones,  and,  if  the  mud  were  soil 
enough  to  receive  them,  would  inevitably  be  squeezed  into  it. 
Unless  we  thus  identify  the  sternum,  there  is  confessedly  here 
a  fundamental  difference  of  structure  from  the  bird ;  but  since  the 
expanded  feathers  enforce  the  presumption  that  the  fore-limb  was 
used  for  flight,  the  conviction  follows  that  flight  was  brought  about 
by  development  of  the  pectoral  muscles  attached  to  a  sternum  in  the 
usual  way.  This  is  the  d  priori  view,  and  I  see  no  evidence  that  the 
so-called  ooracoids  have  an  osseous  union  with  the  scapulas,  or  any 
reason  for  supposing  that  tbe  ooracoids  would  here  be  placed  in 
a  relation  which  has  no  parallel  in  birds,  pterodactyles  or  bats. 
I  cannot  accept  Vogt's  interpretation,  merely  because  such  a  relation 
of  the  ooracoids  as  he  suggests  exists  in  some  extinct  orders  of 
reptilia  which  did  not  fly.  The  probability  is  strong  against  finding 
an  entirely  new  function  for  the  ooracoids  in  a  flying  animal.  The 
interpretation  reminds  one  in  kind  of  the  already  considered  inter- 
pretation of  the  skull :  it  may  be  excellent,  but  it  requires  excellent 
reasons  in  support  before  it  can  be  received.  There  is  a  further 
point  in  which  the  shoulder  girdle  is  supposed  to  be  unlike  that  of 
most  birds.  Prof.  Owen  described  in  the  original  slab  what  he  re- 
garded as  tbe  furcula.  This  bone  is  absent,  or  at  least  not  visible,  in 
the  second  slab.  It  is  sufficiently  different  from  what  might  have 
been  expected,  to  have  often  suggested  some  doubt  as  to  its  true 
nature ;  but  we  were  scarcely  prepared  for  Yogt's  suggestion  that  it 
is  the  pubis.  After  quoting  Prof.  Owen's  description  of  the  pelvis  of 
ArchcBopteryXy  the  author  expresses  a  belief  that  Prof.  Owen  would 
not  now  formulate  an  opinion  so  positive  as  to  its  giving  no  evidence 
of  reptilian  structure,  since  we  know  the  pelvis  of  Dinosaurs  better. 
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and  know  that  it  approximates  towards  birds.  Far  be  it  from  me  to 
pretend  to  know  the  hidden  workings  of  another  man's  mind,  but 
since  the  characters  of  the  ilium  of  Archceopteryx  have  undergone  no 
change  in  the  mean  time,  it  is  only  reasonable  to  infer  that  Professor 
Owen's  ideas  still  remain  what  they  were  twenty  years  ago.  More- 
over, the  pelvic  region  of  Archaopteryx,  so  far  as  it  is  known,  does 
not  make  the  slightest  approximation  to  that  of  a  Dinosaur,  and  there- 
fore the  avian  similitudes  of  the  dinosaurian  pelvis  can,  in  the  absence 
of  fresh  evidence,  in  no  way  influence  our  interpretation  of  the 
Archaopteryx.  First,  the  bone  in  certain  Pterodactyles  which  many 
writers  have  regarded  as  a  pubis,  and  which  has  in  some  species 
a  bow  shape  not  unlike  a  furculum,  is  really  the  pre-pubic  bone, 
a  separate  bony  element  from  the  pubis,  as,  I  imagine,  was  demon- 
strated many  years  ago  when  I  first  suggested  this  name  for  it 
Now  this  bone  in  its  more  ordinary  divided  form  rather  recalls 
marsupial  bones  of  the  mammal  than  any  other  structure ;  and 
in  the  dinosaurian  pelvis  the  pre-pubic  element  is  not  separated 
from  the  pubis,  and  retains  the  condition  seen  in  a  less  developed 
d^ree  in  birds,  especially  such  birds  as  the  Apteryx,  in  which  I 
first  noticed  it,  and  the  Oeococcyx,  in  which  it  was  recognized  by 
Professor  Marsh.  Now,  to  suppose  that  this  process,  in  those  birds 
in  which  it  can  be  recognized,  is  the  remnant  of  the  separate  pre- 
pubic  bone,  or  of  the  united  pre-pubic  bones  of  pterodactyles,  is  a 
supposition,  in  favour  of  which  it  would  be  hard  to  adduce  any- 
thing. But  certain  difficulties  of  an  d  priori  kind  suggest  themselves 
in  the  circumstance  that  the  pelvis  of  the  fossil  was  relatively  nar- 
row, and  the  spread  of  the  supposed  furculum  is  wide;  that  the 
bones  of  the  pelvis  of  Archaopteryx  are  slender,  while  this  bone 
is  remarkably  strong.  I  do  not  proceed  to  discuss  the  bone,  because 
tliat  ought  to  require  an  inspection  of  the  second  specimen ;  but  its 
forward  position  on  the  slab,  and  the  width  between  the  free  ends 
and  the  broad  V- shape,  seem  sufficient  justification  for  Professor 
Owen's  interpretation.  It  therefore  appears  to  me  that  the  effort  to 
set  up  reptilian  affinities  in  the  interpretation  of  this  bone,  and 
thus  to  detract  from  the  avian  charact.er  of  the  skeleton,  is  unwar- 
ranted by  the  facts.  Having  got  rid  of  the  clavicle  and  the  sternuui, 
it  naturally  follows  that  the  author  should  compare  the  shoulder 
girdle  of  the  Archaopteryx  with  that  of  the  Crocodile ;  but  this  com- 
parison, however  delusive  it  may  seem  in  presence  of  the  woodcuts 
which  are  constructed  to  support  it,  fails  altogether  when  we  turn 
from  diagrammatic  figures  to  the  crocodile  skeleton  on  the  one  hand, 
and  the  photograph  of  the  Archaopteryx  on  the  other.  It  matters 
nothing  to  be  told  that  the  sternum  disappears  among  Ichthyosaurs 
and  Plesiosaurs,  or  that  the  coracoids  meet  in  the  middle  line  in 
those  groups,  or  that  some  Plesiosaurs  have  no  clavicles ;  the  answer 
IB  obvious,  that  neither  Ichthyosaurs  nor  Plesiosaurs  are  flying 
animals,  and  since  function  in  each  class  governs  the  evolution  of 
structure,  it  is  obviously  inconsequent  to  seek  in  a  swimming  type  for 
structures  which  flight  would  develope.  Professor  Vogt  comes  to 
the  conclusion  that  the  shoulder  girdle  of  Archceopteryx  is  that  of 
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a  reptile,  that  the  farcula  and  the  stenmin  were  noD-esdsieiit,  and 
that  the  form  and  arraDgeroent  of  other  bones  is  only  paralleljed 
by  the  straotares  of  Enaliosann,  PteroeanrB,  and  Orooodilee.  I 
incline  to  conolnsions  exactly  the  reverse  of  these* 

Proceeding  with  the  examination  of  the  fore-limb,  it  is  Temaxked 
that  the  hnmems  with  its  flattened  articalar  head  offers  some  lika* 
ness  to  that  of  crocodiles.  If  we  contrast  the  hamenis,  say  of  a  veiy 
young  Bramah  fowl,  with  that  of  a  orooodile,  we  become  aware  that 
it  is  possible  for  a  bird  tp  have  a  homeros  more  reptilian  than  that 
of  the  ArchcBopieryx,  which  certainly  makes  no  obvioos.appnMoh 
to  the  form  of  the  bone  in  crocodiles.  The  bones  of  the  fore-arm 
are  remarked  npon  as  having  the  ulna  stouter  than  the  radius,  but 
otherwise  offering  no  feature  peculiar  to  either  reptiles  or  birds. 
The  carpus  is  stated  to  have  been  rightly  determined  by  Prof.  Owen 
as  a  single  spherical  bone.  This  the  author  compares  to  the  single 
carpal  of  the  Cassowary  and  Apieryx,  but  it  is  important  to  determine 
whether  the  carpal  of  the  Archaopierf/x  is  proximal  or  distal,  since 
it  is  well  known  that  the  distal  carpal  of  the  bird  becomes  blended 
with  the  metacarpus  early  in  life ;  hence  it  seems  to  me  that  there 
is  room  for  further  discussion  of  tbe  bone.  Turning'  to  the  hand, 
the  author  affirms  that  the  menus  of  ArehcBopteryx  can  neither 
be  compared  to  that  of  a  bird  nor  that  of  a  Pterosaur,  but  only  to 
that  of  a  tridactyle  lizard.  Prof.  Owen  assigned  four  digits  to  the 
manus,  pointed  out  that  there  was  no  special  el^^ngation  of  a  wing 
finger  as  in  pterodaotyles,  and  insisted  on  the  ornithic  proportions 
of  the  hand  and  mode  of  attachment  of  the  quill  feathers  as  evidence 
of  a  class  affinity  of  Archoeopteryx.  In  this  fossil  it  is  evident  that 
there  are  three  digits,  similarly  three  digits  exist  in  living  birds, 
the  metacarpal  of  the  pollex  is  short  exactly  as  in  birds,  the  other 
two  metacarpals  are  relatively  long  and  of  equal  length,  and  the 
middle  metacarpal  is  the  stouter  as  in  birds,  and,  so  far  as  I  can  see, 
terminates  proximally  in  a  rounded  carpal  bone  like  that  of  a  bird. 
The  pollex  has  two  phalanges,  the  second  being  a  sharp  claw,  com- 
pressed from  side  to  side,  the  other  two  digits  have  each  three 
phalanges.  The  difference  from  living  birds  in  primary  structure 
consists  chiefly  in  the  development  of  the  terminal  claw  to  the 
pollex,  the  terminal  claw  to  the  middle  digit,  and  a  claw  and  a 
second  phalange  to  the  third  digit  The  author  considers  that  the 
pollex  was  free,  but  of  this  there  is  little  evidence.  He  compares 
the  manus  to  that  of  Compaognathua,  but  the  comparison  cannot 
be  sustained  in  detail  when  the  structures  are  compared  bone  for 
bone;  and  it  is  further  asserted  that  the  manus  of  Archceopieryx 
cannot  be  compared  with  that  of  a  bird.  I  have  drawn  attention 
to  the  points  in  which  it  resembles  birds  and  in  which  it  differs 
from  them,  but  while  those  differences  are  remarkable  as  being  of 
two  kinds — (1)  the  absence  of  anchylosis  in  the  metacarpals,  and 
(2)  the  development  of  additional  phalanges — these  are  not  neces- 
sarily reptilian  characters,  because  the  conditions  of  life  exhibit 
comparatively  little  variation  of  function  for  the  extremities  amoug 
living  birds,  and  in  the  different  orders  of  both  higher  and  lower 
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vertebrata  a  considerable  range  of  variation  is  found  in  correspond- 
ing parts  of  the  skeleton.  The  form  and  curvature  of  the  femur 
and  the  modification  of  its  proximal  end  is  avian,  the  tibia  is  also 
avian,  as  is  the  fibula,  which  is  reduced  to  a  needle-like  splint, 
anchylosed  to  it  as  in  living  birds  and  pterodactyles.  The  hind- 
foot,  including  the  metatarsus,  is  avian.  The  author  then  sums 
up  the  facts  with  regard  to  the  skeleton,  and  concludes  that  **  the 
bead,  neck,  thorax,  ribs,  tail,  shoulder  girdle,  and  whole  fore-limb, 
are  plainly  constructed  as  in  reptiles.  The  pelvis  has  probably 
more  agreement  with  that  of  reptiles  than  with  that  of  birds.  The 
hind-foot  is  that  of  a  bird.  Reptilian  afiinities  therefore  prevail  in 
the  skeleton  above  all  others." 

This  resurrection  of  the  views  of  Wagner  as  enunciated  on  the 
discovery  of  the  first  Archaopteryx  appears  to  result  from  the  way 
in  which  the  subject  is  approached.  If  Archaopteryx  is  a  reptile,  it  is 
a  subjective  reptile  created  by  Professor  Vogt  by  means  of  theoretical 
considerations  which  can  hanily  be  accepted  without  discussion  ;  but 
ihe  objective  Archaopteryx  seems  to  show  nothing  more  reptilian 
than  might  have  been  anticipated  in  an  extinct  animal  devoid  of 
the  latest  specializations  of  osteology  which  have  been  developed 
in  living  birds,  and  have  come  therefore  to  be  regarded  as  class 
characters,  and  probably  as  more  important  than  they  really  are. 
It  would  have  been  a  reversing  of  one  of  the  oldest  canons  of 
natural  history  to  find  well-developed  plumage  associated  with  a 
reptilian  skeleton.  If  the  affirmation  had  been  sustained,  it  would  not 
have  helped  evolution  in  the  least;  for  it  would  have  interposed  the 
anomaly  that,  with  a  skeleton  alleged  to  be  essentially  reptilian, 
feathers  as  well  developed  as  can  be  found  in  the  existing  class  of 
birds  coexisted.  There  would  have  been  no  transition  here,  but  an 
incongruity  greater  than  that  of  a  less  noble  animal  clothed  in  the 
akin  of  a  lion.  The  feathers,  too,  are  shown  to  be  arranged  as  in 
birds,  the  wing  in  its  outline  is  compared  by  the  author  to  that  of 
a  fowl,  "  the  remiges  of  the  wing  are  fixed  to  the  ulnar  edge  of  the 
arm  and  to  the  manus,  and  covered  for  nearly  half  their  length  with 
a  fine  filiform  down."  It  is  thought  that  the  base  of  the  neck  may 
perhaps  have  carried  a  ruff  like  that  of  a  condor,  but  to  me  this  seems 
more  than  doubtful.  The  tibia  was  clothed  with  feathers  down  the 
whole  of  its  length,  as  in  the  falcons.  Each  caudal  vertebra  carried 
a  pair  of  lateral  retrices.  All  the  rest  of  the  body,  the  head,  neck 
and  trunk,  are  said  to  have  been  evidently  naked  and  unprovided 
with  feathers.  To  this  last  view,  exception  might  fairly  be  taken, 
since  the  decomposition  of  the  soft  parts  of  the  body  would  have 
carried  with  them  the  covering  if  such  existed.  Indeed,  dead  sea- 
birds  on  our  shores  often  retain,  when  decomposition  has  advanced 
&r,  exactly  the  same  feathers  as  are  seen  in  this  fossil. 

The  author  concludes  that  the  Archaopteryx  can  neither  be  ranked 
among  reptiles  nor  birds,  but  that  it  forms  a  marked  intermediate 
type.  **  feird  in  its  integument  and  feet,  Archaopteryx  is  reptile  in 
ell  the  rest  of  its  organization,  and  its  structure  can  only  be  under- 
stood by  admitting  the  evolution  of  birds  by  a  progressive  develop- 
Uiont  from  certain  types  of  reptiles." 
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The  second  part  of  tlie  pnper  is  entirely  theoreticAl ;  ani)  is  on 
argiiDifHt  designed  to  slmw  the  considerations  wbicb  weigh  with  tba 
author  in  his  int«rpretjiliou  of  ArckiropUryx.  He  first  shows  (hat 
the  vertical  position  does  not  imply  flight,  tben  that  fiighl  is  inde- 
pendent of  an  upright  position,  next  tbat  adaplatiuu  to  flight  is  seen 
in  the  shoulder  girdle  and  in  the  proportions  of  the  bones ;  flight  is 
then  considered,  first  hy  moans  of  a  nienihmne  as  in  Pterndaclylea, 
Flying-squirrels,  and  lUts.  mid  spfr-ndlv  by  nii-mis  of  f^alliers.  bo  as 
to  shnw  how  till'  ^krl,>t,.ti  i-  n.'-lific!"  in  '■■l,-Ii  ,.m-o.  Hr  rci.iflrks 
that  the  flight  of  the  Arclueofierjfx  may  in  some  mnatire  \m  ooak- 
pared  with  that  of  QaUo^ihfiou  among  mammaU,  but  Uiat  H  }• 
a  step  farther  forward  in  the  mBroh  of  adaptation.  It  ia  sffiniM^ 
"that  no  naturalist  on  being  showa  the  skeleton  of  AnHutopterit, 
alone  and  without  the  feathen,  oonld  anspeot  that  this  animikl  had 
been  in  its  lifetime  famiahed  with  winga."  For  it  is  obaerved  that 
if  "  we  oonld  for  a  moment  remova  all  the  feathen  ve  shotild  ha%. 
before  our  eyea  the  tridaotjl  manna  of  a  Beptileb  And  yet  it  it 
added,  "The  number  of  digits  and  ttie  oin^e  carpal  depart  mm  the 
normal  stmctare  of  Beptilee.  Hm  digits,  withont  donbt,  aq 
altogether  of  the  most  decidedly  reptilian  oonfijrmatiDn ;  bnt  tbej 
are  reduced  to  the  normal  number  pOBsessed  hy  Birds,  and  the 
middle  digit  is  the  longest  of  the  three."  This  is  Vogt's  view.  At 
the  beginning  of  the  argument  the  animal  is  reptilian  ;  at  the  end  the 
bird  is  becoming  evolved.  I  hare  a  suspicion  that  the  skeleton  ia 
far  from  suggesting  that  the  animal  was  destitute  of  wings ;  for  the 
only  charaoters  which  could  promote  such  a  doubt  are  the  unanchy- 
losed  condition  of  the  metacarpal  bones  and  the  claws.  The  former 
point  is  a  difference  from  birds,  but  in  my  view  much  lees  important 
than  a  difierence  of  osteologioal  plan  would  have  been,  and  no  more 
important  than  the  persistence  of  separate  epiphyses,  or  cranial 
sutures.  That  the  skeleton  in  existing  birds  happened  to  have  its 
distinctive  structure  of  the  manus  is,  I  suppose,  an  accident  conse- 
quent upon  the  way  in  which  the  wing  feathers  came  to  be  developed 
BO  as  to  aSeot  the  vascular  system  and  ossification.  I  believe 
it  will  be  found  convenient,  on  the  hypothesis  that  the  feathers 
are  the  main  cause  of  speoialization  in  ^e  bird,  to  define  an  animal 
ae  being  a  bird  bo  soon  as  it  possesses  the  avian  plamago,  because 
Che  vital  organization  could  experience  no  important  change  from 
this  cause  which  might  not  as  well  have  been  developed  by  wings 
of  the  Omithosaariau  type. 

The  author  then  proceeds  to  discuss  the  affinities  of  Arehaopttrix, 
remarking  that  the  Cretaceous  birds,  so  well  described  by  Professor 
Marsh,  form  a  further  indication  of  the  course  of  Avian  evolution, 
since,  "except  some  secondary  points  in  the  structure  of  their 
vertebrtB,  their  only  Beptilian  character  ia  the  presence  of  teeth  in 
both  their  jaws."  The  gap.  however,  between  the  Odontoinithes 
and  Arch(Bi^teryx  ia  confessedly  very  great.  He  is  unable  to  unite 
Compaognathue  with  Archaopteryx,  as  Prof.  Gegenbaur  has  done, 
or  to  see  in  it  an  ancestor  of  the  bird,  because  it  has  no  trace  of 
feathers,  has  very  short  fore  feet,  and  hind  feet  formed  like  thosq 
of  reptiles.     An  equal  diffioult^  is  felt  in  regarding  the  Dinoeaurt^ 
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as  the  ancestors  of  the  whole  bird  class.  And,  without  undervaluing 
the  avian  similitudes  of  Dinosaurs,  the  author  believes  that ''  all  the 
characters  whereon  are  based  the  claim  of  Dinosaurs  to  be  regarded 
as  the  ancestors  of  Birds  are  only  related  to  the  power  of  keeping 
an  upright  position  upon  the  hind  feet."  This  is  too  large  a  subject 
to  enter  into  now,  for  it  involves  the  whole  question  of  how  far  per- 
sistent function,  when  identical  in  character,  may  develope  in  allied 
groups  of  animals  nearly  identical  structures.  Vogt  believes  that 
certain  Dinosaurs  were  leaping  or  perching  animals,  and  infere  that 
the  avian  characters  of  the  pelvis  and  hind-limb  thus  came  to  be 
evolved  from  community  of  habit  with  birds.  He  is,  however,  not 
indisposed  to  see  in  Dinosaurs  possible  parents  of  the  Ratites ;  while 
the  Archaopteryx  would  be  the  ancestor  of  the  Birds  that  fly.  The 
bird  clciss,  however,  seems  to  me  remarkably  homogeneous  in  vital 
structures,  and  also  in  such  characteristics  of  the  skeleton  as  are 
common  to  the  class. 

In  this  view  Struthious  birds,  far  from  beiug  a  degenerate  group 
which  had  lost  their  wings,  would  be  a  primitive  group  which 
had  not  reached  active  flight.  But  the  Hatita  have  far  too  much 
in  common  with  carinate  birds  to  permit  a  suspicion  that  they  have 
originated  in  a  fundamentally  different  way  from  a  different  stock. 
The  Dinosaurs  are  far  too  diverse  to  permit  a  suspicion  that  they 
are  the  direct  ancestors  of  any  Birds.  The  dinosaurian  armour  is 
about  the  last  thing  in  the  world  that  would  suggest  feathers,  and  it 
is  difficult  to  concave  of  any  advantage  in  the  struggle  for  existence 
which  would  lead  to  Dinosaurs  becoming  feathered,  if  the  feather 
were  not  developed  into  an  organ  of  flight.  It  is  true  that  many 
Dinosaurs  may  have  been  naked,  but  that  does  not  justify  us  in  pre- 
suming that  the  skin  contained  the  germ  plan  of  the  ostrich  feather, 
which  time  would  inevitably  develope.  Still  less  is  there  anything 
in  Dinosaurian  structure  to  suggest  that  the  saddle-shaped  inter- 
vertebra*  articulation  of  the  centrum  in  a  Struthious  bird  would 
spring  into  existence  side  by  side  with  the  same  structure  in  the 
vertebral  column  of  a  carinate  bird,  if  the  latter  had  been  derived 
from  a  fundamentally  different  stock. 

While  Vogt  thus  regards  the  two  existing  groups  of  birds  as  having 
ancestral  representatives  in  the  Jurassic  rocks,  no  evidence  is  detected 
of  a  common  ancestor.     It  is,  perhaps,  remarkable  that  in  this  dis- 
cussion  the  Pterodactyles  are  omitted   from  comparison  with  the 
ArchiBopteryx,     There  are,  however,  some  points  remarked  upon  in 
the  earlier  portion  of  the  memoir  which  may  be  here  noticed.     This 
skeleton  is  said  to  show  no  trace  of  a  pneumatic  structure,  thus 
differing  from  Pterodactyles.     I  cannot  quite  agree  with  Prof.  Vogt 
when  he  afiirms  that  Pterosaurs  were  never  able  to  hold  themselves 
upright  as  do  birds,  because  their  hind-feet  were  very  weak,  short, 
and  furnished  with  slender  digits.     It  might  be  well  to  study  the 
skeleton  of  the  original  Pterodactylua  longirostris  figured  by  Cuvier 
and  many  others,  or,  if  this  were  too  small,  the  Dimorphodon  macronyx 
from  the  Lias  would  show  an  animal  well  capable  of  walking  in  the 
position  of  a  bird,  while  the  Cycnorhamphus  suemcus,  at  Tubingen, 
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and  the  similar  skeleton  at  Stutt^^art,  are  both  examples  of  Pten^ 
dactyles  with  long  hind-legs.  Certain  other  Omithosanrs  have 
the  hind-limbs  relatively  small,  bat  it  is  open  to  oonsideniticm 
whether  flight  may  not  have  attained  its  deTolopment  hi  thosi 
animals  after  the  vertical  position  of  body  had  been  acquired.  B 
might  be  as  well  also  to  recognise  that  there  is  no  pnblishel 
evidence  of  fundamental  di&renoe  in  the  hand  between  Pteroda^ 
lyles  and  Birds  such  as  Prof.  Yogt  represents.  Omitting  for  ths 
moment  the  evidence  that  OmithoekiirHM  from  the  Cambridge  6reeD> 
sand  had  three  digits,  saying  nothing  about  the  embryologioBl 
evidence  as  to  primitive  indications  of  four  digits  in  the  manns  of 
the  bird,  it  may  be  laid  down  onoe  for  all  that  the  reatorataou 
which  give  the  Pterodactyles  five  digits  in  the  hand  belong  to  a 
prehistoric  period.  Oken,  Wagler,  and  Goldfnss,  it  is  true,  thonght 
there  were  five  digits,  and  the  restoration  of  the  latter  writer  hss 
been  frequently  reproduced,  but  no  specimen  oould  ever  be  found  in 
support  of  sucm  an  interpretation,  and  it  has  long  since  been  aban- 
doned by  every  one  pretending  to  draw  his  knowledge  firom  speci- 
mens. It  is  therefore  astonishing  to  see  a  figure  given  of  the  fore- 
limb  of  EhamphorhynchuB  in  which  there  are  four  clawed  digits.  One 
cannot  but  ask  where  the  specimen  is  to  be  seen  which  shows  the 
structure  of  fore-limb  depicted  in  Prof.  Vogt's  figure.  If  the  figurs 
is  faithfully  copied  from  the  photograph  to  which  Prof.  Vogt  reftfrs 
as  of  Rhamphorhynchus  gemmingii,  it  certainly  belongs  to  a  new  and 
undescribed  type  of  Omithosaur.  The  Archaopteryx  is  in  no  respect 
a  modified  Pterodactyle ;  but  it  has  enough  in  common  with  the 
Pterodactyles  to  make  that  group  in  some  respects  better  illustrative 
of  its  skeletal  structures  than  Dinosaurs. 

Finally  the  Professor  considers  the  influence  of  the  feathers  in 
changing  the  skeleton  of  a  reptile  into  that  of  a  bird,  suggesting  that 
the  ancestors  of  the  bird  were  scaly  lizards.  Briefly  it  is  the  author's 
view  that  modification  of  organization  proceedn  from  **  the  skin  to  the 
skeleton,"  and  that  the  latter  may  be  wholly  unaffectetl  when  the 
former  has  already  reached  the  development  of  feathers.  Now 
this  view  renders  the  position  taken  up  by  Vogt  perfectly  logical, 
but  the  view  itself  is.  as  a  general  principle,  not  so  obviously 
logical,  because  it  is  shown  by  the  existence  of  other  flying  aninialB 
that  flight  itself  does  not  necessarily  change  an  animal's  grade  of 
organization.  If  the  ArchtBopteryx  were  the  modified  reptile  that 
it  is  assumed  to  be,  the  development  of  feathers  might  tend  towards 
an  avian  modification  of  the  manus,  but  not  inevitably,  since  the 
clawed  condition  persists  in  one  digit  in  the  bat,  as  well  as  in 
several  in  the  Omithosauria.  No  doubt  the  development  of  feathers 
was  correlated  with  an  important  modifj'ing  influence  on  the  ex- 
tremities of  the  skeleton  in  the  bird;  but  the  feathers  themselves 
must  be  presumed  to  have  been  slowly  evolved,  and  from  their  first 
existence  must  have  tended  to  modify  muscles  in  ways  that  would 
have  contributed  to  change  the  skeleton,  so  that  I  cannot  oonoeive 
of  the  existence  of  well-developed  plumage  without  a  correlative 
xnoJification  of  the  skeleton. 


H.  H.  Howorth — Sudden  Extinction  of  the  Mammoth,     309 

In  tbe  absence  of  tbe  speoimen,  it  were  perhaps  wiser  to  rest  in 
the  ooDviotion  that  Archaopteryx  is  a  Bird,  less  modified  in  structure 
in  tbe  direction  which  existing  avian  osteology  has  taken,  and 
therefore  more  easily  comparable  with  reptiles ;  but  not  necessarily 
more  reptilian,  or  of  inferior  organic  grade  to  the  newer  bird  type. 
Certainly  tbe  time  has  not  come  when  we  can  assemble  a  jury  of 
its  inferior  kith  and  kindred,  and  accept  such  verdict  as  they  may 
suggest  concerning  its  genesis.  For  the  osteological  structures 
which  are  universal  in  living  birds,  and  from  which  the  Archaopteryx 
departs,  are  independent  of  affinity,  and  among  mammals  would  not 
lank  as  of  much  importance.  If  the  Archaopteryx  do  no  more  than 
teach  US  to  extend  our  conception  of  the  limits  within  which  a  bird's 
skeleton  may  range,  it  will  have  enriched  science  with  morphological 
knowledge,  which  is  invaluable  in  its  theoretical  bearings. 

Y. — The  Sudden  Extinction  of  the  Mammoth. 
By  Hbnky  H.  Howorth,  F.S.A. 

IN  a  previous  paper  ^  I  urged  that  the  conclusions  there  arrived 
at  necessitated  certain  corollaries  which  are  not  universally 
accepted,  and  to  which  I  hoped  to  call  attention  in  the  future.  One  of 
tbese  I  now  venture  to  shortly  discuss. 

We  have  tried  to  focus  the  facts  about  the  Mammoth  which  go  to 
show  that  its  surroundings  and  mode  of  life  were  the  same  from 
Central  Europe  to  Behring's  Straits ;  that  when  we  examine  the 
position  candidly  and  completely,  there  is  no  room  for  hypotheses 
requiring  an  annual  migration  of  the  Mammoth  and  his  contempo- 
raries from  North  to  South  and  vice  versa  with  the  seasons  as 
some  have  urged ;  that  the  view  almost  universally  held  now  by 
Continental  and  especially  Russian  palaeontologists,  that  the  Mammoth 
lived  all  the  year  round  where  its  remains  are  still  found,  is  apiply 
justified  ;  and  lastly,  that  all  the  evidence  goes  to  show  that  when  the 
Mammoth  lived  along  the  borders  of  the  Arctic  Sea  in  Siberia  in 
great  numbers,  the  climate  of  that  area  was  a  comparatively  tem- 
perate one,  and  that  its  more  equable  character  enabled  animals  and 
plants,  which  are  now  the  inhabitants  of  a  more  northern  and  a 
more  southern  latitude  respectivt-ly,  to  live  together  under  more 
neutral  conditions.  These  conclusions  being  granted,  it  follows,  as 
at  least  an  d.  priori  probability,  that  the  causes  of  the  extinction  of  the 
Mammoth  and  his  companions — a  problem  of  the  highest  scientific 
as  well  as  of  singularly  romantic  interest — were  the  same  throughout. 

We  cannot  help  saying  in  limine,  that  it  is  a  pity  that  English 
writers  on  Post-Qlacial  geology  should  so  often  have  based  very  wide 
and  far-reaching  inductions  upon  fact«  collected  in  such  a  narrow 
area  as  that  embraced  within  our  four  seas.  Not  only  is  the  field 
very  narrow,  but  also  very  misleading.  Great  Britain  is  an  area 
"where  during  the  period  of  the  Mammoth  two  contrasted  zoological 
and  botanical  provinces  met  and  overlapped.  The  typical  fauna  and 
flora  characteristic  of  the  vast  Siberian  plains  where  the  Mammoth 
chiefly  flourished  were  here  mixed  with,  and  dovetailed  into,  another 

»  Geol.  Mag.  1881,  p.  266. 
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fauna  and  floia»  whose  foons  was  tbe  Hediternmeaii  and  its  boid6i% 
and  thas  the  solution  of  the  main  pcoblem  is  here  ooonj^ioated  Iqt 
subsidiaiy  difficulties. 

Again,  Great  Britain  is  marked  geoloffioally  bv  an  exoeediiq^ 
bix)ken  and  dislocated  character.  lAiis  i^araoter  has  no  donbt  laid 
bare  and  disclosed  the  secrets  of  its  history  in  a  waj  whidi  is  hard^ 
to  be  matched  elsewhere;  but  this  yery  bc/t  makes  it  nnaafe  It 
deduce  a  wide  generalization  from  the  local  and  often  sophistioaied 
evidence  which  it  furnishes.  For  purposes  of  generalization  it  is 
safer  and  more  prudent  to  sift  onr  evidence  when  there  has  been 
the  smallest  possible  after-dislocation  and  sophistioatbn.  If  this  be 
a  wise  method, — and  we  take  it  the  question  is  scarcely  arguablei— * 
then  it  is  assuredly  the  most  scientific  plan  to  put  Britain  and 
Western  Europe  aside  for  a  while,  and  to  concentrate  our  attentimi 
upon  Siberia;  and  when  we  have  found  a  clue  to  solve  onr  liddk 
there,  to  return  with  it  and  explain  what  is  apparently  a  difficoKy 
nearer  home. 

The  problem  in  the  present  instanoe  peculiarly  invitsa  this  method 
of  solution,  inasmuch  as  in  Northern  Siberia  the  ohangea  wkkAi 
have  passed  over  the  country  sinoe  the  disappearance  of  tbe  Mam* 
moth  have  been  so  slight  that  the  soft  tissues  of  the  animal  have 
been  preserved  intact,  while  in  Britain  we  for  the  most  part  only 
meet  with  its  scattered  debrta. 

The  question  we  would  ask  in  these  few  pages  is,  What  is  in- 
volved in,  and  necessarily  follows  from,  the  preservation  of  whole 
bodies  of  Mammoths,  with  their  flesh  and  other  tissues  preserved  for 
ages  without  decay?  The  question,  however  awkward  it  always 
sounds  to  the  ears  of  those  who  have  accepted  in  its  integrity  the 
creed  of  Uniformity,  should  clearly  not  be  evaded  and  left  completely 
unanswered,  as  it  has  been  in  nearly  every  modem  discussion  on  the 
period  of  the  Mammoth.  We  are  bound  to  candidly  look  it  in  the 
face,  untrammelled  by  d  priori  prejudices  and  unbiassed  by  the 
particular  creed  which  may  be  current  in  a  popular  school  of  inquiry. 
Let  us  try  with  due  deference  to  face  the  difficulty  fairly. 

The  first  thing  that  seems  to  follow  inevitably  from  the  facts  is, 
that  the  bodies  which  are  now  found  intact  in  the  Siberian  tundras 
have  remained  frozen  since  they  were  first  entombed.  If  they  had 
been  subject  to  alternate  congelation  and  melting  with  the  inter- 
mittent seasons,  they  would  assuredly  have  long  since  decayed.  An 
exposure  to  one  summer's  sun,  to  one  season's  melting,  would  have 
induced  putrefaction  and  dissipation.  We  are  not  dealing  here  with 
animal  substances  deposited  in  bogs,  and  changed  into  such  organic 
compounds  as  adipocere,  but  of  flesh  so  unchanged  that  it  has  all  the 
characters  of  that  oT animals  which  have  recently  died,  when  examined 
under  the  microRCope,  while  it  is  readily  eaten  by  the  wild  animals  that 
live  on  the  tundra.  The  flesh  is  as  fresh  as  if  recently  taken  out  of  an 
Esquimaux  cache  or  a  Yakut  subterranean  meat-safe.  There  cannot 
be  a  moment's  doubt  that  this  condition  was  secured  by  one  cause, 
and  one  cause  only,  namely,  that  since  the  bodies  were  entombed 
^   thej  have  been  in  a  state  of  continuous  congelation  without  a  break. 


n.  n.  Howorth — Stidden  Extinction  of  t?ie  Mammoth,     311 

This  is  assuredly  the  only  possihie  oonclnsion.  It  is  one  which  I 
have  urged  at  different  times  before  the  G-eological  Society,  the 
British  Association,  and  personally  to  several  of  my  geological 
friends,  of  experience  much  wider  in  this  field  of  inquiry  than  my 
own ;  and  on  all  occasions  there  has  been  a  consensus  that  what  is 
here  urged  is  inevitable.  It  is  amply  supported  by  other  facts ;  thus, 
the  northern  part  of  Siberia  is  at  this  moment,  and  has  been  so  far 
back  as  our  historical  records  reach,  permanently  frozen  at  a  few 
feet  from  the  surface.  Below  a  mere  cuticular  thawing  in  the 
summer,  the  ground  is  permanently  frozen.  About  this,  which  has 
been  doubted  by  one  famous  geologist,  before  whom  the  problem 
has  been  placed,  the  evidence  is  complete  and  overwhelming.  Let 
us  see. 

Erman's  admirable  work  on  Siberia  is  an  authonty  beyond 
question.  He  says  he  was  assured,  when  at  Yakutsk,  on  the  Lena, 
that  frozen  earth  is  there  found  near  the  surface  at  every  season  of 
the  year,  and  that  the  same  condition  of  the  ground  continues  to  the 
greatest  depth  hitherto  reached.  He  then  goes  on  to  quote  an 
experiment  which  had  recently  been  made  on  a  large  scale,  which 
was  quite  conclusive  of  the  point.  He  says  Mr.  Shergin,  who  was 
at  the  head  of  the  establishment  belonging  to  the  American  Trade 
Company,  had  much  desired  to  have  a  well  within  his  inclosure, 
while  the  other  inhabitants  of  Yakutsk  supplied  themselves  with 
water  in  summer  from  the  Lena,  and  in  winter  by  melting  snow. 
He  was  at  the  same  time  quite  convinced  of  the  perpetual  congela- 
tion of  the  ground,  but  still  hoped  to  succeed,  if  the  wells  could 
be  only  dug  as  deep  as  they  usually  are  in  the  governments  of 
Vladimir  and  Nijni  Novgorod.  The  work  was  begun  at  the  begin- 
ning of  summer,  and  continued  without  interruption  to  a  depth  of 
forty-two  feet.  But  at  that  time — the  warmest  part  of  the  year — the 
strata  of  fine  sand  and  clays  which  formed  the  sides  of  the  shaft  were 
found  to  be  uniformly  frozen  hard,  so  that,  instead  of  digging  with 
the  spade,  it  was  found  necessary  to  have  recourse  to  the  miner's 
pickaxe.  The  flakes  and  frozen  pieces  of  earth  in  the  interior  of 
the  well  seemed  perfectly  dry,  and  th(*y  had  to  be  carried  up  into 
the  warm  air  and  thawed  before  they  gave  any  sij^ns  of  moisture. 
Erman  himself  descended  into  the  well  when  it  had  reached  the 
depth  of  fifty  feet,  and  buried  a  thermometer  in  the  ground  at  the 
bottom,  but  never  saw  the  mercury  rise  above  — 6^^  R.;  and  supposing 
that  the  increase  of  heat  from  the  surface  to  the  centre  of  the  earth 
is  as  rapid  from  this  point  downwards  as  in  other  places,  we  should 
not  expect,  he  says,  to  find  water  in  the  fluid  state  till  we  arrive  ' 
at  the  depth  of  630  feet,  for  to  that  depth  the  ground  is  frozen  y 
{ofp.  cit  vol  ii.  pp.  366-367).  Speaking  of  Aldansk,  on  the  River 
Aldan,  Erman  says  that  the  people  there  told  him  that  even  in  the 
warmest  months,  under  sandy  soil,  and  often  at  a  depth  of  only  six 
feet,  layers  of  solid  and  transparent  ice  are  found  alternating  with 
frozen  and  dry  earth.  **  This  is  the  same  phenomenon,"  he  says, 
"  which  I  saw  near  Yakutsk,  on  the  banks  of  the  Lena,  and  which  is 
also  found  on  the  islands  in  the  Icy  Sea  "  (id.  p.  423). 


/•> 


312     H.  S.  Soirorth—S'iddtn  EAiiiction  of  the  Mammoth, 

Again,  speaking  of  the  crops  sown  about  Yftkntsk,  he  snya : — 
"Smiimer  wheat  and  rye  an;  B<iwn  by  the  Russians  in  the  nciglihoiir* 
hood  uf  the  towns.  These  MAs  are  at  ihat  time  thawed  to  a  depth 
of  ihree  feet;  tbey  rest  on  peqwtunlly  frozen  Btrata,  etc."  (id.  vol.  ii. 
p.  370),  The  Yakuts,  it  is  well  known,  take  advantage  of  this  condition 
of  the  ground,  and  by  merely  digging  pit«  in  it  they  form  at  once 
perrniment  ioe-boiiRes  or  meat-aufes.  This  state  of  tilings  is  DOl 
limited  to  tlie  valley  of  the  Lena,  but  is  found  all  over  Northern 
Siberia  where  the  t>odies  of  Hnmmoths  occur,  Thun  we  read  of 
the  tundras  about  the  Obi  that  their  soil  ia  always  frozen,  not  even 
in  the  middle  of  summer  thawing  beyond  13  inches  in  depth 
(Wrangelt'B  Voyage,  tr.  by  Sabiaa,  p.  lii). 

Similarly,  Wrangell  describee  the  aoil  a  few  ioohei  beloif  fttt 
surface  as  perpetually  frozen  at  the  other  end  of  Uw  ooBtiiMn^  ia 
the  neighbourhood  of  Kolyntsk  and  the  penioanla  of  ChnknM  (o^wt. 
pp.  S9,  6()-61,  276).  While  speakiog  of  the  oUff  bdag  the  PoIm 
sea,  he  eaya: — "It  oonsieta  Id  great  meaaara  of  ioe  irafob  tMMi 
thaws,  mixed  with  a  little  black  eartb  and  olay.  amongrt  vfaiofa  m* 
a  few  long  thin  toota  of  treea."  He  apeaks  of  anotbn  fart  of  Umi 
coast  as  connnting  of  ioe,  olay  and  blac^  eaiUi,  oat  of  whiott  1m  dnw 
some  of  the  interspersed  roots,  and  fonnd  them  chiefly  birch,  and 
as  fresh  as  if  just  severed  from  the  trees,  the  nearest  woods  being 
100  versts  off  (id.  pp.  223-221).  I  have  quoted  these  Bupporling 
facta,  but  it  was  hardly  necessary.  The  very  diatinguished  writer 
against  whose  conclusions  this  paper  is  really  directed,  "Our  father 
Pernienides,"  Sir  diaries  Lyell,  admits  so  much  vrithont  queatioo. 
"  It  is  certain,"  he  says,  "  that  from  ibe  moment  when  the  carcases 
both  of  the  Rhinoceros  and  the  Elephant  above  described  were  buried 
in  Siberia  in  lat.  64*^  and  70^  N.,  the  soil  must  have  remuned  frozen, 
and  the  atmosphere  as  cold  as  at  this  day"  (Principles  of  Qeology, 
vol.  i.  p.  183).  Again,  "One  thing  is  clear,  that  the  ice  or  congealed 
mud  in  which  the  bodies  of  such  quadrupeds  were  enveloped  has 
never  once  been  melted  since  the  day  when  they  perished,  so  as  to 
allow  the  free  percolation  of  water  through  the  matrix;  for  bad  this 
been  the  cose,  the  soft  parts  of  the  animids  could  not  have  remained 
undecom posed "  (id.  p,  184). 

So  far  then  we  may  take  it  there  is  no  dispute,  and  the  mattor  may 
,be  treated  as  "res  judicata." 

/  At  this  point,  however,  we  claim  leave  to  completely  diverge  from 
'  the  current  opinion  in  England.  We  should  do  so  with  greater 
anxiety  if,  after  we  had  reached  our  conclusion  by  an  independent 
induction,  we  had  not  found  that  it  was  the  deliberate  view  to  which 
Cuvier  and  Buckland  long  ago  came,  and  which  has  been  mora 
recently  urged  by  auch  an  experienced  geologiat  as  M.  d'Arohiao. 

We  have  shown  at  some  length  in  a  previous  paper  that  the 
Mammoth  and  his  companions  could  not  live  under  the  oonditiona 
which  now  prevail  in  Northern  Siberia.  This  is  frankly  admitted 
by  Lyell.  He  says,  "  It  would,  doubtless,  be  impossible  for  herds 
of  Mammoths  and  Rhinoceroses  to  subsist  at  present  throughout  tho 
year  even  in  the  southern  port  of  Siberia,  covered  as  it  is  with  bqow. 
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daring  the  winter."  He  then  goes  on  to  say,  "  But  there  is  no 
difficulty  in  supposing  a  vegetation  capable  of  nourishing  these  great 
quadrupeds  to  have  once  flourished  between  the  latitudes  of  60°  and 
%&^  N."  He  then  postulates  the  actual  existence  of  such  a  ssone  inr 
Siberia,  and  goes  on  to  argue  that  the  carcases  of  Mammoths  found 
along  the  borders  of  the  Polar  Sea  reached  there  either  by  being 
floated  down  the  rivers  or  were  summer  migrants  Ciuight  by  the  ice. 
This  view  is  assuredly  obsolete.^  As  1  have  said  before,  among  the 
continental  authorities  there  is  now  but  one  view  held,  namely,  that 
there  were  neither  seasonal  migrations  nor  were  the  bodies  thus 
transported,  but  that  the  fauna  whose  remains  are  found  in  such 
profusion  along  the  Arctic  Sea  lived  where  their  remains  are  found, 
and  lived  there  all  the  year  round. 

If  Lyell's  explanations  are  not  accepted,  we  are  driven  apparently 
by  a  process  of  exhaustion,  not  only  to  the  conclusion  that  when  the 
Mammoth  lived  in  Siberia  his  surroundings  were  entirely  different 
from  those  which  now  prevail  there,  but  also  that  the  change  to  the 
present  state  of  things  must  have  taken  place  suddenly  and  per 
saltern.  While  it  is  on  the  one  hand  clear  that  the  ground  in  which 
the  bodies  are  found  has  been  hard  frozen  since  the  carcases  were 
entombed,  it  is  no  le^  inevitable  that  when  these  same  carcases 
'were  originally  entombed,  the  ground  must  have  been  soft  and 
unfrozen.  You  cannot  thrust  soft  flesh  into  hard  frozen  earth, 
without  destroying  it.  Great  carcases  of  Mammoths  with  the  most 
delicate  tissues,  the  eyes,  the  trunk,  the  feet,  beautifully  perfect, 
cannot  have  been  forced  down  into  ground  consisting  of  alternate 
layers  of  ice  and  frozen  earth.  Such  a  process  is  physically  impos- 
sible. 

It  has  been  jauntily  argued  that  the  Mammoths  wftre  engulphed 
in  the  great  Siberian  rivers  and  then  frozen  fast  in  the  ice  accumu- 
lated along  their  course ;  but  in  the  first  place,  as  has  been 
frequently  shown,  the  carcases  do  not  occur  in  ice  at  all,  but  in 
frozen  earth,  and  secondly,  they  do  not  chiefly  occur  along  the 
river-courses,  nor  do  they  occur  chiefly  in  the  marshy,  boggy 
land  where  others  have  postulated  the  suffocation  of  the  animals, 
but,  as  Lyell  himself  says,  they  are  chiefly  found  **  where  the 
banks  of  the  rivers  present  lofty  precipices  of  sand  and  clay,  from 
which  circumstance  Pallas  very  justly  observed,  that  if  sections 
could  be  obtained,  similar  bones  might  be  found  in  all  the  elevated 
lands  intervening  between  the  great  rivers.  Strahlenberg,  indeed, 
had  stated  before  the  time  of  Pallas,  that  whenever  any  of  the 
great  rivers  overflowed  and  cut  out  fresh  channels  during  floods, 
more  fossil  remains  of  the  same  kind  were  invariably  disclosed.'* 
— Lyell's  Principles,  etc.,  ed.  1872,  vol.  i.  pp.  179-180.  Even  if 
they  did  chiefly  occur  in  the  river-beds  and  marshes,  the  necessity 
for  an  immediate  congelation  of  previously  soft  ground  still  remains. 

Looked  at  in  every  view,  the  judicial  conclusion  of  Cuvier,  which. 

ias  been  laid  aside  for  many  years  on  account  of  Sir  Charles  Lyell's 

^apposed  reply,  is  unassailable;   and   the  longer  one  studies  the 

-question,  the  more  one  is  impressed  with  the  truth  of  the  judgment* 

*  "We  think  not  quite  obsolete.— Edit.  Gioi..  "NLkg. 
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His  words  are  as  follows :  **  Toat  rend  done  extremement  probable 
que  les  elephans  qui  out  foumi  les  os  fossiles  habitoient  et  Tivoient 
dans  les  pays  oik  Ton  trouve  aujourd'hui  leurs  ossemens. 

**  lis  non  pu  y  disparaitre  que  par  nne  revolution  qui  a  fait  perir 
tous  les  individus  existans  alors,  ou  par  un  cbangement  de  olimat 
qui  les  a  emptebe  de  s'y  propager. 

*'  Mats  quelle  qu^ait  iti  eette  causey  eUe  a  du  itre  aubite ;  dee  oe  ei 
Vivoire  ei  parfaitement  conservis  dans  Us  plainee  de  la  Siberie^  ne 
le  sont  que  par  U  froid  qui  les  y  eang^le,  ou  qui  en  general  arrete 
V action  des  elemens  sur  eux,  8i  ce  froid  n^etoit  arrive  que  par  degres 
ei  avec  lenteur,  ces  ossemens  et  a  plus  forte  raison  les  parties  molles 
dont  ils  sont  encore  quelquefois  enveloj^s,  auroient  eu  le  temps  de  s» 
decomposer  comme  ceux  que  Von  trouve  dans  les  pays  chauds  et  tempires. 

"  II  auroii  surtout  bien  impossible  qu^un  cadavre  tout  entier,  tel  que 
celui  que  M.  Adams  a  decouvert  eut  conserve  see  chairs  ei  sa  peau  sans 
corruption  8*il  n'avoii  iU  enveloppi  immediaiement  par  les  glaces  qui 
nous  Voni  conservL  Ainsi  touies  les  hypotheses  dun  refroidissemeni 
grnduel  de  la  ierre  ou  dune  variation  leiue  soil  dans  Vinclinaison  soit 
dans  la  position  de  Vaxe  du  globe^  iombeni  d'eUes-mimes." — Cavier, 
Ossemens  Fossiles,  1821,  vol.  i.  p.  203. 

Dr.  Buckland  says: — "One  thing  however  is  certain  as  to  tbis 
Mammoth  (t.e.  Adams's),  that  whether  it  was  imbedded  in  a  matrix 
of  pure  ioe  or  of  frozen  earth,  it  must  have  been  rapidly  and  totally 
enveloped  in  that  matrix  before  its  flesh  had  undergone  decay,  and 
that,  whatever  may  have  been  the  climate  of  the  coast  of  Siberia 
in  antecedent  times,  not  only  was  it  intensely  cold  within  a  few 
days  after  the  Mammoth  perished,  but  it  has  also  continued  cold 
from  that  time  to  the  present  hour"  (Appendix  to  Beechey's 
Voyage,  p.  608). 

I  will  quote  in  conclusion  another  writer,  whose  words  will  be 
received  with  the  respect  due  to  their  distinguished  author,  the 
experienced  French  geologist,  M.  d'Archiac.  In  discussing  the 
causes  of  the  destruction  of  the  Mammoth,  he  says,  and  I  again 
prefer  to  quote  his  exact  words : — "  Mais  une  autre  circonstance,  qui 
a  du  accompagner  ou  suivre  de  tr^s  pres  le  phenomene  tel  qu'il  soit 
(be  is  referring  to  the  phenomenon  which  caused  the  destruction  of 
the  Mammoth),  c^esi  un  ahaissement  rapide  de  la  temperature,  tel  que 
la  decomposition  des  chairs  et  des  autres  parties  molles  ait  eti  prcvenue, 
dans  un  grand  nombre  de  cos,  II  a  fallu^  de  plus,  que  ceite  tempera* 
iure  ne  se  soit  jamais  relevie  ensuite  pour  f aire  degeler  ce  sol  glad,  qui 
nous  a  ainsi  conserve  presque  entiers  les  animaux  eitselevis  depuis  tani 
de  siMes"  (D'Archiac,  Le9ons  sur  la  Faune  Quaternaire,  p.  172). 

As  I  said,  this  conclusion  I  arrived  at  independently,  and  before 
seeing  any  of  the  statements  just  quoted,  and  I  quote  them  as 
showing  that  the  views  here  urged  are  not  new,  but  constitute  a 
reversion  to  a  sound  conclusion  arrived  at  long  ago  by  experienced 
observers,  and  only  disturbed  by  the  fascinating  arguments  of  Sir 
Charles  Lyell.  The  doctrine  of  Uniformity  has  done  ample  service 
in  Oeology,  but  its  cause  has  been  urged  so  exclusively,  and  to  such 
extreme  limits  (as  is  best  testified  in  the  address  of  the  last  President 


of  the  British  Ass  •:'..:    :      *    . 
a  toinlency  in  :L-  itl  l  _:.    ■ 
In  the  present  ci^-^r   u-    _  ■ '    . 
doubt  that  a  ? : "  "ri   -'  .    v    -. 
over  the  wh-  Iv  ::;-■. 
extinction  of  :L-.  !•!  :. :.     l     " 
which  Stem?  ::    :'  .     v    :::-:.. 
reserve  anv  fur:_r:  >--  .  i;  ii  •;;. 
nication. 

VI. — XoTES  •:>■  73  i  ~:.i— :.:::. 

•  »     mm       *  ^-  .  A    •    m 


11HE   follower..-  ... 
groups  w:.:.:,  i 
Bed  Seri'.s." 

Proh'»-i  i[»:-:a  an:    ■  ■- 


Ekphns. — The  r-.::.  li!.^  .:  v 
aide  nunihtTS  in  tl;-.-  •  i    r--* 
isobited  tt-eth,  ahh«.tii^li  -"rv..  :■ . 
ernnmoiis  linil»-l»onv.>.  hnv-.-  . 
notable  ohjfcts  in  the  N.rw   . 
tious.     Until  the  invl.•^Ti;: .:  .•_►. 
remains  were  reCurred  Im  ::--. 
showed  that  there  were  at  i-  .-■    v 
to  he  separately  reconleil.  l--.- 
(Palaion.  Memoirs,  1808,  \'A.  . 
species  h;is  never  since  betrii  >.    - 
case  with  re<5ard  to  the  E.  prith  .- 
cussion  about  the  anticjuity  .* 
glacial  origin.     At  the  pre>*r: : 
satisfied  that  the  E,  primvj^u,!., 
or  at  least  that  a  variety,  wLi-.:    j 
the  species,  has  been  obtain e      - 
nearly  resembles  the  coarse-;...:^ 
are  found  at   II  ford.      Dr.  L-r- 
attention  to  the  fossil  Eleph?i.L;*.   ; 
at  present  known  to  three  spr'j*^.  ^ 
and  E,  primi[jenius,  tho  natuixrju 


%  V 


316  E.  T.  Nttelon—Pre-Glacial  Mammalia. 

great  extent  bridge  over  the  intervals  betwoen  these,  being  looked 
upim  aa  vavietiee  of  one  or  other  of  them. 

To  Eieyhat  antiqum  are  referred  those  compnrntively  uHrrow- 
crowned  molare,  with  wirie  plates  of  enamel  toora  or  less  enlnrged 
iu  the  middle,  the  enamel  of  which  is  thick  and  much  crenuluted. 
This  typicftl  form  occupies  as  it  were  tv  e«nti'&l  poeitioa  in  the 
specieB,  und  variation  takes  place  in  two  directions.  In  the  first  the 
eniimel  plates  expand  from  before  baekwards,  and  when  the  tooth  is 
ranch  worn,  especially  when  worn  very  obliquely,  the  spaces  are  so 
wide  aH  to  reeenible  muoh  the  Loxodon  type  of  tooth.  This  form 
WHS  referred  by  Dr.  Falconer  to  E.  priiciu,  hut  he  afterwards  came 
to  regjird  it  as  an  extreme  variety  of  E.  antiquua.  Tlie  second  or 
"  broiid-crowued "  variety  lias  the  plates  of  enamel  flattened  and 
neiirer  together,  the  enamel  also  in  some  cases  being  thinne 


less  orenulated.  lira  eztniBe  exainplM  of  tttta  varta^  spproMh  M 
near  to  thow  molars  whioh  ue  Mud  ta  be  tha  "  Toteti  Bid  "  (ran- 
seutativea  of  the  U amaiotk  that  it  i*  not  tlweja  olaai.  to  wbiA  nej 


should  be  referred.  In  foot,  there  is  overy  gradation  of  fom  fculwow.  . 
the  two  spedaB. 

To  the  tipeoiea  &  mendiomalit  m  idond  tboM  maasiTa  luolan 
which  are  oharacterized  by  having  very  low  orowns  in  proportion  to 
their  great  width,  the  enamel  plates  thick  and  widely  separated,  and 
the  enamel  itself  very  thick  and  smooth,  with  little  or  no  orennlation. 
Varieties  of  this  form  seem  to  connect  the  species  with  E.antiqmu, 
Mr.  Gunn  is  of  opinion  that  certain  of  these  varieties,  between  the 
three  species  above  mentioned,  should  be  elevated  to  the  rank  of 
species,  and  he  has  proposed  the  names  of  B.  leptodon  and  E.  gigaHleui 
for  two  of  them.  At  present,  however,  these  species  have  not  been 
defined,  and  Dr.  Leith  Adams,  after  long  study,  thinks  it  best  to 
look  npon  them  merely  as  varieties.  WiUi  the  opinion  of  the  latter 
gentleman  1  feel  constrained  to  agree,  and  to  aokuowiedgs  with  him 
only  three  apeoies  ofElephai  in  the  "Forest  Bed,"  namely,  E.  aaUiqtiut, 
E.  meridionalia,  and  E.  primigettiti*.  At  the  same  time  it  should  be 
remembered  that  the  latter  species  ia  represented  by  a  somewhat 
extreme  form  which  may  eventnally  have  to  be  regarded  as  diatlnot. 

Cetaoka. 

Salanopteraf — Some  very  large  Cetaoean  vertebra  from  the 
"  Forest  Bed  "  at  Mundesley  and  Baoton  are  preserved  in  Mr.  Gunn'e 
Collection  at  the  Norwich  Museum.  Sir  C.  Lyell  referred  to  these 
in  1^63,  as  representatives  of  folienopfera  (Antiquity  of  Man,  p.  316). 
anil  Air.  Gunn,  in  1864,  considered  that  they  belonged  to  "  two  apeciea 
of  Wlialea"  (Geol.  Norfolk).  The  centrum  of  the  largest  has  a 
diameter  of  about  15  inches.  It  ia  not  easy  to  eay  to  which  of  the 
larger  whalt^  these  vertebrie  belong,  but  on  the  whole  it  seems  moat 
probable  that  they  belong  to  the  largest  form,  namely,  the  Fin 
'Whales  or  Bal^ttoptera,  and  with  some  doubt  it  will  be  best  to  plooa 
tiiem  in  thia  genns  without  attempting  any  doser  determination. 

MoKodou  nomoeeros. — The  earhest  notice  of  the  occurrence  of  the 
Narwhale  in  the  "  Forest  Bed  "  is  in  Sir  G.  Lyell's  Antiqai^  of 
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Man  (1863,  p.  217),  and  most  probably,  the  specimen  on  which  this 
rested  was  the  one  said  by  Mr.  Gunn  to  be  from  the  ''  Laminated 
Beds  "  at  Mundesley  (Gteol.  Norfolk,  1864),  and  now  preserved  in 
the  Norwich  Museum.  This  specimen  is  a  fragment  of  a  tusk  about 
five  and  a  half  inches  long,  and  one  and  a  half  inch  in  diameter, 
showing  the  very  characteristic  twisted  condition  so  distinctive  of 
the  tusk  of  this  species. 

Delphinus  ddphis  ? — Mr.  A.  Savin,  of  Cromer,  has  in  his  Collection 
four  small  Cetacean  vertebree  from  the  "  Forest  Bed  "  of  Overstrand, 
near  Cromer.  One  of  these  is  a  middle  caudal  vertebra,  which 
agrees  so  precisely  with  a  corresponding  vertebra  in  the  tail  of  a 
common  Dolphin  that  there  can  be  little  doubt  as  to  its  belonging 
to  that  species  ;  but  seeing  that  in  other  species  these  vertebras  are 
very  similar,  it  seems  best  to  place  a  note  of  interrogation  after  the 
species.  The  terminal  epiphyses  of  this  vertebra  are  firmly  anchy- 
losed  to  the  centrum,  the  greatest  antero-posterior  extent  of  which 
is  about  1*0  inch,  its  greatest  width  1*4  inch,  and  its  height  without 
neural  spine  1*6  inch. 

Ddphinus,  large  species. — The  only  other  vertebra  of  the  four, 
above  mentioned,  which  is  in  a  condition  for  comparison,  is  likewise 
from  the  caudal  region,  but  from  a  more  anterior  position.  Its 
terminal  epiphyses  are  wanting,  never  having  been  anchylosed. 
The  antero-posterior  extent  of  the  centrum  is  in  its  present  condition 
about  I'S  inch,  its  height  and  width  being  each  about  two  inches. 
In  form  this  vertebra  closely  resembles  the  one  referred  to  Delphinus 
delphis,  but  its  larger  size  corresponds  better  with  the  skeleton  of 
2>.  iursio  preserved  in  the  Royal  Coll.  Surg.  Museum ;  the  agreement 
in  form,  however,  is  not  sufficiently  close  to  justify  one  in  referring 
it  to  that  species. 

Corrected  List  of  the  Prohoscidea  and  Cetacea  from  the  '^  Forest  Bed 
Series."    (Those  marked  with  an  asterisk  *  are  new  to  the  "  Forest  Bed  Series.") 


Elephaa  antiquusy  Falc. 

meridionalisy  Nesti. 

primigeniuSf  Blnmb. 

Balanoptera  ? 


Monodoii  manoccroSf  Linn. 
*J)elphinu8  delphiSy  Linn. 
*Delphinu8y  sp.  (large). 


VIL — Materials  for  the  Correlation  op  the  Lower  Palzbozoio 

Rooks  op  Britain  and  Scandinavia. 

By  Charles  Lapworth,   F.G.S.,  etc., 
Professor  of  Geology  and  Mineralogy,  Mason  Science  College,  Birmingham. 

{Concluded  from  p.  266.) 

Cambrian  of  Westrogothia,  Oland,  etc, — The  Camhrian  Rocks  are 
shown  in  several  other  localities  in  Scania.  The  hasal  sandstones 
(Lugnas  or  Eophyton  sandstones)  near  the  Baltic  coast,  near 
Delperod.  The  Hardeherga  sandstones  (Fucoid  Sandstone)  are 
found  wherever  the  Archaean  is  hared,  as  near  Rostanga,  Lund, 
Eljarod,  and  Cirahrishavn.  Sections  of  the  Alum  schists  are  rarer. 
The  most  perfect  is  that  of  Eiviks  Esperdd  on  the  Baltic,  where  the 
Coronatus  Limestone  or  Exsidans  horizon  of  the  Parad.  Tessini  zone 
well    develop  ed.      The    identity    hetween    its    palaoontological 
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sequence  and  that  of  Andrariim  was  demonstrated  by  Natfaorst  in 
1876.' 

The  Hardeherga  Sandstone  is  found  alao  in  the  island  of  Bomholm, 
and  (lie  Paradwridiun  eoiiea  of  P.  Teeeiut,  Par.  Davidis,  and  Par. 
ForchhamMeri,  enoh  zone  agreeing  in  position  and  in  fossils  with  its 
counterpart  at  Audrarmn.'  In  Westrogolhia,  the  basal  Sandstones 
and  the  Alum  Bchista  are  both  well  developed.  ITie  former  inolode 
both  the  Eopfayton  and  Fiicoid  sandstones,  and  the  latter  their  two 
natural  dirisious  of  Paradojridian  and  Olenidi'tn.'  Even  as  early  as 
1876,*  before  the  correct  seqiienc*  of  the  Andraruni  fossils  had  been 
ascertained,  Linuarsson  recognized  the  following  palffiontological 
sabdiviHions  in  the  Alum  scbiste  of  this  region.* 

a.  Upper  Groups,  Srgia  OltMnim  (OUuidian). 
BivifioQ  6,  •m&  OluiHt  {Feilura)  icarabnidei. 

I)mBiDn4.  Beds  with    Olnxa   UtiH,    Oleimt   (^FarBMina)  ipinulotiu,   W*M., 
Agntutu  pu^armit,  linn.,  nod  CUnnu  gttt»r»t,  WihL 

b.  Lower  Qroiqii.    Btg*'  ftwMwyyUTlw  (AnufanAiH). 

Divimon  8.   Bedi  wiflt  LitMrmu  teUtahu,   Aug.,   ate.,  AgitMttm  ImtlgahUt 
Dolm.,  OrfAw  ind  lAH/mla. 

Aiumocmrt  m.,  Ouutorfpit,  mnd  OtaUla. 
DiviaioQ  I .  Beat  witli  Paradoxida  Tt—ini,  Ziottraaa  amUaha,  Aug.,  Agntlai 

parvi/Toni.  Linn.,  J.  gUbut,  Lionra.,  A.fallax,  Lionrs. 

Divisions  5  and  i  correspond  most  distinctly  to  the  zones  of 
Pellvra  tcarabeoidea  (h),  and  Parabolina  tpinulosa  (4),  of  the  OUnidiaM 
of  Andrarum  ;  and  Divisions  3,  2,  and  1  to  the  Paradoxidian  zones 
o!  Agno9lu»  Uevigatui  (5),  P.  Forehhammeri  (4),  and  Par.  Teatini  (2) 
of  the  same  locidity. 

The  same  three  divisions  of  Paradoxidtan  are  recognizable  also  in 
Nerike,'  where  they  are  likewise  underlain  by  the  uaaal  basal  sand- 
Btone  formation  with  Scolithvs,  etc.  The  Olenidian  of  Nerike  has 
also  the  Westrogothian  facies,  the  upper  portions  affording  Peltura 
acarabeoides,  and  the  lower  jParabolina  gpinuJota  and  Agnottas  piti- 
formit,  etc. 

The  Paradomdian  zones  P.  Tetsini,  P.  Forehhammeri,  and  Agnottiu 
iavigaltu  are  found  locally  in  Jemtland,  and  Ostrogothia.' 

In  the  Island  of  Oland  the  Cambrian  Rocks  have  been  carefully 
worked  out  by  Sjogren,'  and  their  fossils  studied  by  himself  and 
LinnarsEon.'     Three  zones  are  recognizable  in  the  Paradoxidian  of 

'  Nathont,  Ktunbriska  och  Siloriilu  Wren  vid  Eirlks  Enierod,  G«ol.  F5r. 
Forhandl.  1876. 

*  Tnllberg,  Agniatida  of  Andramm,  table  3,  p.  10. 

<  Linnarsson,  Vestergotlands  Cambrieli*  och  Siluriska  Aflaninnr,  Stockhohn, 
1869. 

'  I.inn.  Nttgra  forBteningar  Veetr.  sandrtenlager  O.K.V.A.F.  1869. 

'  LinDaresoa,  op.  cit.  p.  41. 

'  LinnaiBson,  OfrerH  Neriies  Ofvergangsbildningar,  O.K.V.P.,  Stockholm,  1875. 

^  LiDnarsaoD,  Brachiopoda  Faradoridti  Beds,  p.  6. 

*  SjogT.,  Anteckningar  om  Oland,  Ofy.  X.V.A.F.,  1851 ;  Bidrag  Oland'a  Geolc^ 
ibid.  1871 ;  Kagra  furBleningar  Ulands  Eambriska  Uger.  Geo!.  For.  Forhl.  1672,  etc 

*  LinnaisGoti,  Geol.  For.  Furhl.  Bd.  II.  p  T9 ;  Geologiaka  iftkttagelaer  p&  Oltod, 
ibid,  1876;  Brachiopoda  Paradoiides  Beds,  1876. 
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tbe  island.  Lowest  of  all  occur  (1)  arenaceous  flagstones  with 
Paradoxides  Tessinif  Lxosiracus  aculeatm,  Ang.,  Ellipsocephalus 
muticiu,  Ang.     Next  is  supposed  to  occur  a  peculiar  zone,  as  yet 

Tecx)gnized  in  no  other  region — (2)  tbe  Zone  of  Paradoxides  Olandicm, 
Sjog.,  consisting  of  greenish  shales  and  interstratified  calcareous  beds 
with  few  fossils.  Lastly,  we  have  (3)  the  widely-distributed  Zone 
of  P.  Forchhammeri,  or  "  Andrarum  Limestone,"  with  all  its  charac- 
teristic species.^  There  is  here  no  visible  trace  of  the  terminal  or 
Agnostus  IcBvigatua  zone ;  but  the  Andrarum  Limestone  is  at  once 
surmounted  by  the  basal  zone  of  the  Olenus-bearing  beds.  In  the 
lowest  strata  (1)  of  the  Olenidian  occur  the  usual  forms  of  Agnostus 
pisiformis,  Linn.  Next  come  (2)  strata  with  Beyrichia  Angelini  and 
Olemis  gibbosus.  Above  these  follow  (3)  the  beds  with  Orthia 
lenticularis  (representing  the  zone  of  Parabolina  spinulosa  y),  leading 
up  into  (4)  shales  with  Leptoplastus  and  Eurycare  laturrif  and  the 
Olenidian  section  is  terminated  by  the  ubiquitous  zone  of  (6)  Peltura 
scarabeoides  and  Sphcerophthalmus, 

Cambrian  Bocks  of  Norway. 

Our  chief  authority  for  the  physical  and  palaaontological  succes- 
sion among  the  Cambrian  deposits  of  Norway  is  the  veteran  geologist 
Professor  Kjerulf,  of  Christiania,  who  has  recently  added  to  his 
many  accurate  and  well-known  memoirs'  on  the  rock-formations  of 
Sontbem  Norway,  a  voluminous  and  elaborate  work  on  the  Geology 
of  Southern  and  Middle  Norway,'  in  which  the  manifold  results  of 
the  labours  of  himself  and  his  colleagues  are  ably  summarized  for 
the  general  student.  Excluding  from  our  present  consideration  those 
areas  where  it  is  supposed  by  the  Norwegian  geologists  that  tho 
Lower  Palaeozoic  Kocks  have  been  more  or  less  metamorphosed,  wo 
find  everywhere  in  Norway  the  same  general  arrangement  of  sedi- 
ments and  fossil  forms  we  have  already  recognized  in  Sweden.  A 
formation  of  quartzose  sandstone  of  variable  thickness  rests  uiicon- 
formably  upon  the  gneissose  rocks,  and  supports  a  thin  group  of 
Alum  Schists  (rarely  more  than  100  feet  in  thickness)  with  Para- 
doxides and  Olemis,  The  sandstones  are  usually  much  thinner  than 
in  Sweden,  and  the  Paradoxidian  is  occasionally  more  or  less 
arenaceous  in  character,  and  is  developed  only  in  certain  localities. 

At  the  railway  station  of  Krekling,  near  Kongsberg,  the  lower 
beds  have  been  studied  in  detail  by  Briigger,  who  was  the  first  to 
detect  the  existence  of  the  Paradoxidian  in  Norway.  Here*  they 
consist  of  the  following  members : — 

*  LinnarssoD,  laktta^lser  p&  Oland,  p.  6,  etc. 

'  Kiemlf,  Das  Christiania  Silur-Becken,  1866  ;  (and  Telle!  Dahl),  Geologie  des 
Siidlichen  Norwegens,  1857  ;  Veiviser,  1866  ;  (and  Hanan),  Oni  Trondhjems  Stifta 
Geologi,  1876,  etc. 

*  Udsi^  over  det  sydlige  Norges  Geologi  (1879).  German  translation,  by  Dr. 
Gurlt  (Die  Geologic  des  Siidlichen  und  Mittleren  Norwegen),  Bonn,  1880. 

*  W.  Brogger,  Paradoxides -skif erne  ved  Krekling,  Nyt.  Mag.  f.  Naturvidernska- 
beme,  1876,  etc.  Trondhjemke  Fossiler,  ibid,  1876;  also  Geol.  Foren.  Forhand. 
1876,  1876. 
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[3.)  DariclayslnUwitb  Purofllbji'i^  JirfA*ommrr.' 22  test. 

containing  among  otlier  forms,  Aj/ni'tlHi  Jyjrrvlfi,  A.  trrrifroi-t.  Ans-. 
A,  neulinliH.  Ang.,  A.  glandifonHU,  Aug.,  A.  lavigelui,  Dalm.,  and  spMJe* 
of  PrototpoKgia 

(2.)  Black  ctef  iJite  with  nimi<fDX>i2u  TmiiW     60  feet. 

together  with  Farsdi*.  ntjuJiuiu,  Brog.  (ao  associate  of  P.  Davidit  at 
Borabolm),  Agnmliti  fallni,  Lima.,  A.  pfrfifnmi.  Ljnn.,  A.  fibiui,  Ijnia., 
A.  innrfHi,  Briigg.,  fnriDS  all  charactenatir  of  the  same  beds  in  Sweden. 

(1.)  Oreywacke  Schiata,  sandstone,  and  canglomerate j.     Bfeet.' 

Ill  the  well-known  Lower  Palfeozoio  eerieB  of  Christiania,  tho 
Paradoxidian  proper  is  so  poorly  deTelo)>ei]  that  it  has  not  ;ot  be«a 
definitely  recognized  ;  and  the  Alum  SchielB  of  tho  neigh  bo  tirliood  of 
thnt  city,  which  are  about  100  feet  in  thickneaB,  apjwar  to  belong 
almost  entirely  to  the  Oleniiiian.  It  may  bo  regarded  as  certain  thnt 
all  the  Swedish  palieoatological  Eonea  will  nltimately  be  reoognineii 
within  them,  aa  they  are  known  to  contain  the  ohatacteristio 
speoieB : —  I 

d.  Dielymima  Jlahtllifoiiin.'* 

e.  FtllHTa  tcarabroidri,  IMhii  ttnticitlarii.  ' 
b.  Faraiotum  tpitiulata,  SpkaraphthnlmuM  alstm. 

a.  OlmMt  tibiuiiu,  Aj/noslii  jtitifnrait,  Zinpultlla  Dunn'i,  etc. 

On  Lake  Mioaen,*  red  and  white  qnartzose  sandsfone  is  o'TOriain 
by  (a)  green  day  elate  with  Paradoxidea  Kjeruifi,  Linra.,  Aritmelbu, 
(6)  Alotn  Schist  with  Agnotiat  paroi/ront,  and  (c)  Alnm  Schist  with 
Agnosiv*  pitifoTmit,  To  the  northward  of  this  locality  the  Cambrian 
zones  are  oonfasedty  intenuiogled  with  metamorphic  rocks,  and 
have  themselves  been  so  pierced  and  hardened  by  igneous  intrnsioni 
that  they  are  no  longer  individually  reoognizable ;  and  with  the 
dissppearanoe  of  their  fossils  they  lose  their  interest  for  the  ooni' 
parative  geolo^at 

In  the  preceding  table  (pp.  320-321)  the  accepted  divisions  and 
aabdivisions  of  the  Cambrian  strata  of  Britain  and  Soaodinavia  are 
arranged  in  parallel  columns,  the  local  zones  which  seem  to  be  of  the 
same  general  geological  date  being  placed  in  corresponding  positiona. 
The  more  important  data  brought  forward  in  the  foregoing  pages 
are  inserted,  together  with  mnoh  that  is  already  familiar  to  British 
g«otogiBts.  The  detailed  classifioation  of  the  various  fossil  iferona 
zones  recognizable  in  the  Harlech  Rooks  of  St  Davids  has  been 
copied  from  some  unpnbliehed  notes  kindly  placed  at  my  service  by 
my  friend  Dr.  H.  Hicks,  who  has  long  since  earned  the  right  to  bs 
regarded  as  our  chief  authority  &pon  the  sequence  and  fossiU  of  the 
British  Cambrian  depodta. 


ISSO,  p. 
>  Be 


Ejeralf,  Die  Oeolagie  its  (sodUehen  and)  mittleren  Norwcsen  (On 
"  -p.  61. 

jerulf,  th'iJ.  pp.  68-6S;  YeiTiBer,  Chriituiua,  1866,  pp.  I,  2,  ale. 
Ejemlf,  Uittkr  Norw^en,  p.  133. 
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I. — TiBTIABY  OeOLOGY  OF  THE  BeGOIANO    (CaLABBIA).  * 

IN  a  large  quarto  volnme  of  the  memoirs  of  the  Accademia  del 
Lincei,  Professor  Sequenza  gives  a  description  of  the  geology 
of  the  province  of  Beggio  in  Calabria,  and  gives  a  classified  list  of 
all  the  fossils  found  in  the  Teiliaries,  together  with  a  description  of 
new  species,  accompanied  with  numerous  figures.  The  number  of 
fossils  reaches  the  astonishing  figure  of  2686,  of  which  994  are  now 
known  living,  and  445  are  considered  new.  The  same  author  has 
already  described  and  given  lists  of  Sicilian  fossils  belonging  to 
various  classes,  and  while,  as  a  rule,  palaeontological  work  is  better 
where  it  is  not  spread  over  too  wide  a  field,  yet  Prof.  Sequenza 
stands  very  much  alone  in  his  Calabrian  and  Sicilian  work,  and 
therefore  it  is  the  more  important  to  make  the  work  as  comprehen- 
sive as  possible,  and  by  the  present  communication  he  has  erected  a 
memorial  of  his  industry,  to  be  compared  with  the  series  of  works 
on  French  palaaontology  published  by  D'Orbigny. 

About  one-half  of  the  Beggiano  consists  of  crystalline  rock  and 
most  of  the  rest  is  Tertiary.  After  the  "  terrain  primitive "  and 
PalsBozoic  schists,  Jurassic  and  Cenomanian  beds  are  found  in  a  few 
places;  but  when  we  come  to  the  Cainozoio  there  is  an  almost 
nn  interrupted  series  of  all  the  Tertiaiy  formations ;  the  Eocene  is, 
however,  not  so  instructively  developed  as  the  Middle  and  Upper 
Tertiaries.  The  Parisian,  Bartonian,  and  Ligurian,  are  found  with 
but  few  fossils,  and  those  mostly  Protozoa ;  but  as  much  attention  has 
not  been  given  to  these  8is  the  Miocene  and  Pliocene  beds,  and 
Professor  Sequenza  thinks  that  with  further  study  more  may 
possibly  be  learnt  about  them. 

The  really  fossiliferous  beds  begin  with  the  Tongrian,  in  which 
nearly  all  classes  are  present  ;  but  the  Aquitanian,  Langhian, 
Helvetian,  and  Tortonian,  are  all  much  richer  in  fossils,  both  the 
Helvetian  and  Tortonian  being  extremely  interesting,  not  only  from 
the  large  number  of  fossils  found,  but  also  from  the  general 
character  of  the  fauna,  most  classes  being  well  represented.  In 
the  Helvetian  329  species  are  mentioned,  69  of  which  are  living, 
and  893  species  were  found  in  the  Tortonian,  23  per  cent,  of  which 
are  living.  The  term  oligocan  is  here  dropped,  as  it  is  thought  best 
to  unite  beds  of  that  age  to  the  Miocene.  The  Messinian  was 
nnfossiliferous,  and  the  author  of  the  memoir  considers  that  there 
has  been  a  misunderstanding  about  the  Messinian,  a  name,  he  points 
out,  first  given  by  Carl  Mayer  for  a  zone  at  the  close  of  the  Miocene, 
which  he  erroneously  placed  as  coetaneous  with  the  Zanclean  of 
South  Italy,  a  formation  deposited  in  a  somewhat  deep  sea  and  now 
known  to  be  of  later  age  than  the  Messinian  and  certainly  Pliocene. 
The  Messinian  is  known  through  Italy  and  Sicily  as  the  Congeria  or 
Gypsum -sulphur  beds.     The   Miocene  covers  a  diminishing  area 

*  Le  Formazioni  Terziarie  nella  Prov.  di  Regfldo  (Calabria),  del  Prof.  G.  Sequenza, 
Mem  Accad.  dei  Lincei,  toI.  cclxxrii.,  1880.     Witii  Maps  and  Plates. 
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Irom  the  Langliian  upwards,  and  tbe  way  the  last  formations  ir 
only  found  ii»  patches  show  what  great  denudation  has  takeu  pIjM 

The  Pliuoene  is  found  at  a  much  greater  elevation  than  any  of  the 
other  Tertiary  series,  reaching  in  tbe  Zanclean  to  1200  metres  abnve 
the  sea,  and  as  the  conditions  of  deposition  were  quite  different  hern 
from  those  which  obtained  in  iiortli  Italy,  the  striee  in  one  jki 
of  the  peninsula    forms  a  complement  to  those  in  the  other, 
oommences  with  the  Zanolean,  and  this  at  the  base  is  formed  of 
a  conglomerate ;  then  follow  foasiliferous  beds  with  650  species  ol 
various  oloftses,  among  which  52  Badiolaria  and  lt>5  Bryozoa.    A 
conxiderafale  amount  of  denudation  also  took  place  befoi'e  the  Astiaii, 
a  formation  which  was  frequently  deposited  in  the  deprexsion  cauud 
by  this  denudation,  and   many  mistakea  have  thus  arisen,  as  tiu 
Astian  fotrnd  lower  down  has  been  taken  for  Zanclean,  and  tbouglii 
to  underlie  it.     The  number  of  fossils  in  the  Zanclean  mounts  uji  U 
1175,  of  which  463  are  Gasteropoda,  77  Bryozoa,  and  190  Rhizopodt, 
and  of  the  whole  number  652  are  now  known  living ;  but  Proft^sBor 
Sequonza  points  out  how  suoh  comparative  lists  are  liable  to  variation, 
for  in  1870  he  published  a  note  on  the  Astian  foasU  nioUusca  of 
southern  Italy,  found  la  the  north  Atlantic,  and  not  in  the  Meditec^ 
ranean,  but  since  then  seven  of  these  have  been  discovered  in  the 
Mediterranean ;    he,  however,  now  mentions  23  more  species  fi-oio 
the  Calabreee  known  living,  but  not  in  the  Mediterranean.     Tbe 
Sicilian  is  alw  found  at  a  very  oonaiderahle  height  above  the  sea, 
and  the  Saharian  at  an  elevation  of  832  metres.     Of  the  702  species    I 
of  fossils  from  this  latter  formation  a  few  ore  tropical,  but  caioful    I 
examination  has  reduced  the  number  of  cases  which  were  at  first 
thought  to  be  identical  with  forms  from  warmer  climates,  and  sonifi 
occur  in  the  recent  Quaternary  which  had  been  found  in  the  Torlonian,     | 
and  then  were  not  found  in  the  Pliocene  or  Lower  Quaternary,  and 
it  is  considered  that  they  emigrated  to  the  south  when  the  tempers- 
ture  became  colder,  aud  subsequently  returned  upon  It  becoming 
warmer;    on  the  other  hand,  in  the  Astian,  Sicilian,  and   Lower 
Quatemaij,  a  number  of  northern  species  bad  been  found  indicatins 
a  colder  climate.     All  the  Saharian  was  a  period  of  elevation,  and 
as  this  took  place  the  Mediterranean  Sea  beoame  smaller,  and  thui 
the  communication  with  the  warmer  seas  became  more  restricted. 

In  most  of  tbe  formations  a  conglomerate  is  found,  but  the  latter 
ones  seem  to  be  derived  from  older  ones,  as  shown  by  the  lithologioal 
aimilarity,  and  in  all  a  dioritio  porphyry  occurs,  only  found,  in  situ, 
by  Catanzaro. 

The  changes  of  level  are  carefully  followed,  beginning  with  tbs 
Parisian,  which  was  formed  at  a  considerable  depth,  followed  by 
elevation  in  the  Bartonian,  reversal  again  taking  place  at  the  com- 
mencement of  the  Ligurian,  while  at  the  close  of  the  period  thers 
was  elevation,  which  continued  into  the  Tongrian,  towanls  the  close 
of  which  depression  again  commenced,  and  continued  iato  ths 
Aquitanian,  and  until  the  end  of  the  Langhian  the  conditions  were 
deep,  when  au  elevation  and'  formation  of  conglomerate  took  place, 
to   be  followed   by  a   small  depresBloii  in  the   beginning   of  the 
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Messinian,  but  tbrongh  the  rest  of  the  Messinian  an  elevation 
continued.  The  greatest  depression  of  all  took  place  in  the  Zanclean, 
which  was  deposited  in  great  depths,  as  shown  by  the  fauna,  by 
havinfi^  such  a  large  extension,  and  by  occurring  up  to  such  a  great 
height  as  1200  metres  above  the  sea;  through  the  Astian  this 
depression  continued,  but  at  the  Pliocene  the  elevation  took  place 
which  gave  to  the  province  its  present  configuration. 

Professor  Sequenza  considers  that  as  yet  only  the  Mollusca  have 
been  sufficiently  studied  to  permit  of  a  satisfactory  comparative  list 
of  fossils  and  living  Mediterranean  species  being  drawn  up,  and 
even  with  this  class  he  points  out  fresh  discoveries  are  being  made. 
In  one  group,  the  Bryozoa,  we  know  of  several  additions  as  yet 
unpublished  to  be  made  to  the  Mediterranean  fauna,  which  will 
considerably  alter  the  proportion  of  living  to  extinct. 

The  various  zones  of  the  Miocene  aro  found  to  be  well  character- 
ized by  the  Clypeasterida,  of  which  different  characteristic  species 
are  found  in  die  Tortonian,  Helvetian,  Aquitanian,  and  Tongrian, 
almoet  eadi  form  being  limited  to  a  single  geological  zone. 

A.  W.  W. 


II. — Jurassic  Corals  of  North  Italy.* 

PROF.  D^ACHIABDI,  in  this  important  memoir,  divides  the 
subject  into  three  parts ;  the  first  treats  of  the  Corals  of  Monte 
Pastello,  in  the  province  of  Verona.  The  Madreporaria  aporosa  of 
this  district  consist  of  one  or  perhaps  two  species  of  MontUvaultia 
(the  doubtful  species  J/l  ?  cavuH,  being  new).  Of  the  Stylosmilinm, 
Placophyllia  elegans  is  described  as  new.  The  Polyastrece  consist  of 
a  new  species  of  DiploccBnia  {D.  profunda),  one  of  Stylina  (S.  tara- 
mellii,  a  Stephanoccenia,  five  IsasirceoB,  one  7.  Montispastelli,  being 
new  to  science),  four  LntimceandrincB,  of  which  three  are  new  and 
peculiar  to  this  formation,  but  related  most  nearly  either  to  Miocene 
or  Middle  and  Lower  Secondary  forms,  and  a  new  species  (ampli- 
stellata)  of  Comoseris,  a  genus  which  similarly  ranges  from  the  Great 
Oolite  to  the  Miocene.  The  strati  graphical  position  of  the  beds 
from  which  these  corals  were  obtained,  as  determined  from  their 
fossil  contents,  is  placed  between  the  Great  Oolite  and  the  Coral 
Hag,  but  the  exact  place  is  rather  uncertain. 

From  various  other  localities  near  Verona  are  described  a  Monti- 
livanltia,  a  Stylina,  a  Thamnastrcea,  and  three  new  species  referred, 
with  doubt,  to  the  genera  LatimcBandrtna,  Oroseris,  and  Beaumontia 
respectively ;  the  correctness  or  not  of  the  identification  of  the  last- 
named  species  is  important,  as  the  genus  Beaumontia  is  mainly 
Palaeozoic  in  range,  and  hitherto  represented  by  one  species— viz. 
from  the  Australian  Tertiaries — in  any  later  rocks. 

The  beds  in  this  locality  appear  to  belong  to  the  Dogger  group. 

The  neighbourhood  of  Mentone  furnishes  fourteen  species  of  corals 
from  a  coarse,  friable,  calcareous  rock. 

Besides  single  unnamed  species  of  MontUvaultia,  Bhabdophyllia, 

»  Atti  Soc.  Toscana  Sci.  Nat.  (Pisa)  Mem.  iv.  (1880),  pp.  233-310,  4  pis. 


326  International  Geological  Commission. 

and  SlylivM,  a  speciee  is  referred  to  CalatnophyUia  Sloheai,  alntiAy 
known  from  the  Coral  Kag,  and  one,  with  doubt,  to  C,  radiata  of  the 
Great  Oolite,  and  two  Bjiecics,  dewribed  origioally  uniler  the  genera 
Aelrocwma  and  Uoloeania  respectively,  are  referred  to  Sit/Una,  The 
remaining  eight  Bpeciea  are  new  to  science,  and  oonsiet  of  Cata- 
mophyllia  Mentonrntia,  most  nearly  related  to  two  Coral  Rag  species, 
Tliecogmitia  spada,  with  allies  in  the  Coral  Kag  and  Inferior  Oolite,  , 
Ctadophyllia  Menlonensis,  Paeliygyra  eo*iala,  and  Siylina  nicoenHM,  an 
octomeral  species,  which  is  intermediate  between  S.  pislilluM  and 
S.  oetonaria.  A  new  genus  ie  found  in  the  family  Astneniie,  named 
Diplocmniantraia,  for  a  new  species  culled  D.  Ilalica,  it  diCTers  from 
DiploccBnia  by  the  toothed  cliaracter  of  the  septa  and  the  spongy 
tejture  of  the  oolumella.  Among  the  Cladocorallte  a  new  species  is 
described  as  Fleurocora  1  Roceabrutice,  a  new  Tabulate  is  named 
Orgptoecema  ineerla.  The  rook  evidently  belongs  to  the  Coralline 
Oolite,  and  is  consequently  more  rec-ent  than  that  of  Monto  Pastello. 

From  the  aandstone  of  Monte  Cavallo,  of  the  Friuli  district,  twenty 
species  were  obtained,  of  these  fifteen  were  Madreporaria  aporosa, 
four  were  Tabulata,  the  remaining  one  was  the  Upper  Coralline 
Oolite  Bpeoies  Miuroxeleita  tuherota.  Eight  out  of  the  fifteen  epecies 
were  hitherto  undescribed,  and  are  named  Calamotihyllin  eu.bslokesi, 
Septaitrma  eoUuraiMi,  PhyUastraa  forojalefuii,  and  P.  dvbia,  SlyliiM 
irradiant,  S.  sUpala,  S.  arhorea,  Itattraa  Ilalica.  The  Tabolat^s 
were  all  new  and  are  named  Cryptoettnia  'mbbrevia,  C.  eoUuretuii, 
C.  *  incerta,  Cyathophora  Pirocit.  The  aflinitiea  of  the  species  are 
chiefly  with  those  of  the  Coralline  Oolite.  In  the  oaloareons  rock 
immediately  nnderlying  the  sandstone  were  found  ten  apeciea, 
including  the  above  new  species  Pkyllaatraa  forcjidejuii,  the  new 
species  Siylina  digiliformit,  and  two  species  possibly  identical  with  two 
forms  described  from  the  before-named  bed, — in  all  nine  Aporosa, 
and  one  species  of  Porosa.  The  Coral  fauna  of  this  group  of  rocks, 
as  well  as  their  MoIIusoa,  have  already  been  determined  to  be  Upper 
Coralline  Oolite. 

Note. — It  should  be  observed  that  the  names  of  a  few  of  the  new 
species  were  given  by  Prof.  Men^hini,  but  as  he  appeora  not  to 
have  published  any  description  of  tbem,  the  aathor's  name  in  their 
case  also  should  stand  as  "  B'Achiardi." 


A 


Ihtibnatiohal  Qeolooioal  Cohhission. 
T  meetings  held  by  the  Committee  of  Organization  for  Great 
Britain  and  Ireland  (Prof.  T.  Mo  K.  Hughes,  M.A.,  President), 
the  following  definitions  have  been  agreed  upon. 

Ststem. — The  word  Sg»lein  shall  be  applied  to  a  gronp  which 
stands  by  iUelf,  easily  and  clearly  distinguishable  from  the  rocks 
above  and  the  rocks  below,  and  is  generally  bounded  above  and 
ttelow  by  a  well-marked  break  in  stratigraphioal  sequenoe,  and  is 
characterized  by  special  forms  of  life. 
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Formation. — The  term  Formation  shall  be  applied  to  a  smaller 
group  of  rocks  whioh  have  some  lithologioal  or  paleeontological 
character  in  common,  but  whioh  may  be  in  continuous  sequence 
with  the  rocks  above  and  those  below. 

Deposit. — Deposit  was  defined  as  a  term  applicable  to  a  smaller 
division  than  Formation^  and  generally  implying  similarity  of  litho- 
logioal character. 

Zonk,  Horizon. — Zone  was  defined  to  be  part  of  a  Formation 
characterized  by  one  or  more  well-marked  species,  and  Horizon  was 
allowed  to  be  correctly  used  for  such  part  of  a  Formation^  when  it  is 
recognized  elsewhere  by  other  characters,  though  the  fossils  may  be 
abeent. 

It  was  agreed  that  Bed,  Grotq>,  Series,  should  be  left  undefined. 
Some  other  terms  still  remain  under  discussion. 

Concerning  Time- words,  it  was  agreed  that  Period  should  be  used 
for  the  largest  division,  and  should  signify  a  completed  and  well- 
defined  portion  of  time.  Age  was  defined  as  a  term  used  to  indicate 
the  portion  of  time  marked  by  the  prevalence  of  certain  forms  of 
life  or  of  similar  material  having  a  distinct  and  well-marked 
character.  Epoch  was  defined  to  mean  a  point  of  time,  an  interval 
short  in  comparison  with  the  Periods  and  Ages  of  which  it  forms  a 
part  It  was  considered  that  it  could  hardly  be  applied  to  the  whole 
duration  of  even  any  one  form  of  life,  though  it  might  to  the  transi- 
tory appearance  of  a  species  for  a  short  time  in  one  area.  Cycle  and 
Date  were  left  undefined,  and  the  definition  of  Era  was  postponed. 


Gbolooioal  Sooiett  of  London. 

I.— May  11,  1881.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — ^The  following  communications  were  read  : — 

1.  ''Notes  on  the  Fish-remains  of  the  Bone-bed  at  Aust,  near 
Bristol,  with  the  Description  of  some  new  Genera  and  Species."  By 
James  W.  Davis,  Esq.,  F.S.A.,  F.G.S. 

The  fossil  fishes  described  in  this  paper  are  from  the  BhsBtic  bed 
at  Aust  Passage.  The  stratum  containing  the  fish-remains  is  rarely 
more  than  nine  inches  thick,  often  considerably  less,  and  is  composed 
of  rounded  masses  of  hardened  clay  or  marl,  which,  at  the  time  of 
their  deposition,  were  soft  enough  to  receive  the  impressions  of  the 
coprolites  and  fish-remains.  There  are  large  numbers  of  coprolites 
and  bones  of  fishes,  as  well  as  some  remains  of  Saurians,  mingled 
with  each  other  indiscriminately.  The  fishes  belong  to  the  orders 
Plagiostomi  and  Ganoidei,  some  of  the  former  being  of  considerable 
size.  It  is  inferred,  from  the  intermixture  of  Saurians  and  fishes, 
that  the  deposit  is  the  result  of  shallow  water  existing  near  land, 
in  which  the  fishes  lived  and  the  Saurians  occasionally  disported 
themselves. 

Besides  the  fossil  remains  of  the  animals  which  lived  during  the 
deposition  of  the  Aust-beds,  there  are  also  others  which  appear  to 
have  been  derived  from  the  Mountain  Limestone  and  the  Coal- 
measures,  representing  such  genera  as  Psammodu8,Pse]^hodus,  Helodus^ 
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ftuiJ  Clenoplychiut.     FoaBil  f  e*lh  of  thesp  genera  oocnr  aoattpreil  rati 
spnritigly  through  the  mass  ;    ihey  are  vsrj  perfectly  preserved,  8 
lio  not  show  any  signs  of  attrition.     They  must,  however,  be  thi 
result  of  the  dieintegration  of  older  iMckB,  or  the  genera  whicli  the; 
represent  existed  to  a  much  lat«r  period  thiin  ie  generally  Eup]ioBeiflB> 
The  following  new  apeciea  were  described: — Ctenoptgehtu*    Ordii      «■ 

Nemacaitihni  jUifer,  Ag.,  YsrielieB  a.  and  ^,  NerBaeanthaa  minor,  Sphe ', 

■aonchue  ublitsus,  Hybodus  Auelinensig  and  pnglitloaua,  Felaloiiiit  f 

2,  "  On  some  Fieh-spiiies  from  the  Coal-measures."     By  J.  W"  —^ 
Davifl,  Esq.,  F.S.A.,  F.G.S. 

The  author  deecribed  in  this  paper  three  species  of  a  new  genu^^ 
of  fossil  fish  from  the  Carbouiferona  formation,  two  of  the  speciet^-^ 
having  bepn  found  io  the  Cannel  Coal  of  the  West  Riding  of  York- 
shire, and  the  other  in  the  Burghlea  limestone,  near  Ediubur<rh— — 
Anodontncantliui  is  a  straight  spine,  offering  many  points  of  resem— — 
blance  to  some  of  the  PleiirHcanlhs ;  it  has  a.  similarly  close-graiiie*^ 
microat'opica!  Btnicturc,  the  internal  cavity  opens  terminally  at  th^^^ 
base  of  the  spine,  and  it  was  not  densly  im^mted  JS'  tke 
the  fish.     It,  however,  differs  from  all  dks  rleoraoaatlu  b 
qnit«  free  from  external  deotiolea;  its  aiufaca  is  plain  or  but     _ 
striated,  whilst  that  of  Pltvraeanthm  always  poseeases  a  double 
of  denticles,  either  ranged  laterally  along  the  exposed  part  of  th< 
spine,  or  in  some  position  between  the  latoral  and  posterior  a&pecb 
of  the  spine.     It  is  possible  that  evidence  may  be  discovered  whi<d 
will  render  neoesaary  the  removal  of  these  spines  to  the  genni 
PUuracajUhw ;   bat  at  present  there  is  no  evidence   that  SQch 
advisable.    All  the  specimens  of  i*/euraean(A(M-spine  found  associ&i    ^^ 
with  teeth  or  shagreen  have  been  armed  with  the  double  row  ot 
denticles,  and  at  present  no  evidenoe  exists  that  spines  witbont — 
denticles  were  associated  with  remains  of  this  genus.     It  is,  there- 
fore, considered  best  to  institute  a  new  genus  tor  the  three  species 
with  the  name  Anodontacantkui,  in  allusion  to  its  having  no  teeth  or 
dentiolea. 

3.  "On  some  Specimens  of  Diaitopora  and  Slomatopora  from  the 
Wenlock  Limestone."     By  Francis  D.  Longe,  Esq.,  F.G.S. 

Mr.  Longe  showed  and  described  some  specimens  of  Bryozoa  from 
the  Wenlock  Limestone  of  Dudley,  which  he  compared  with  corre- 
sponding forms  from  the  Oolites  and  later  periods,  and  pointed  oat 
the  close  similarity  of  the  Silurian  with  the  later  forms,  in  respect 
of  the  shape  and  dimensions  of  the  cells,  as  well  as  in  the  habit  of 
coenoecic  growth. 

Alluding  to  some  other  Patfeozoio  forms,  ansigned  to  the  Bryozoa 
under  the  generic  names  of  Berenicea  and  C^ramttpora,  he  pointed 
out  the  difference  between  the  shape  of  the  cells  in  these  forms  and 
those  which  he  had  described,  and  expressed  a  doubt  whether  they 
should  be  classed  as  Bryozoa  at  all. 

On  the  other  hand,  he  referred  to  some  specimens  described  by 
Professor  Nicholson  (Ann.  &  Mag.  Nat  Hist  vol,  xv.,  1875)  under 
the  names  of  Aleelo  auloporoidei,  etc.,  as  having  the  true  Bryozoan 
cell,  and  furnishing  additional   evidence  of  the  existence  in   the 
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Silurian  seas  of  forms  of  Bryozoa  which,  though  very  abundant  in 
the  Oolites  and  all  subsequent  periods,  were  not  generally  supposed 
to  have  existed  in  the  Palseozoic  period. 

4.  "  On  a  New  Species  of  Plenosaurua  (P.  Conybeari)  from  the 
Lower  Lias  of  Charmouth,  with  Observations  on  P.  megacephahs, 
Stutchbury  and  P,  braehycephalus,  Owen."  By  Prof.  W.  J.  SoUas, 
M.A.,  F.R.S.E.,  F.Q.S.,  etc.,  Professor  of  Geology  in  University 
College,  Bristol ;  accompanied  by  a  Supplement  on  the  Geologieal 
Distribution  of  the  Genus  Flesioaaurus,  by  G.  F.  Whidborne,  Esq., 
M.A.,  F.G.S. 

The  greater  part  of  this  paper  was  devoted  to  the  description  of  a 
remarkably  fine  specimen  of  Plesiosaurus  from  the  Ammonites-ohiusus 
zone  of  the  Lower  Lias,  Charmouth.  Its  distinctive  characters  are 
as  follows : — 

1.  The  length  of  the  skull  is  19'75  in.,  taken  from  the  anterior 
extremity  of  the  lower  jaw  to  the  posterior  margin  of  the  quadrate. 

2.  There  are  sixty-six  vertebrae,  of  which  thirty-eight  are  cervical, 
twenty-one  dorsal,  two  sacral,  and  five  caudal. 

3.  The  length  of  the  neck  is  83  in.,  and  the  cervico-cephalic 
index  24*1  in. 

4.  The  length  of  the  cervico-dorsal  series  is  136  inches,  and  the 
cervico-dorsal-cephalic  index  is  14*6. 

5.  The  length  of  the  centrum  in  the  anterior  cervical  vertebrae  is 
eqnal  to  the  height,  and  greater  than  the  breadth  of  the  articular 
face.  In  vertebra  xv.  the  measurements  are — length  2  in.,  breadth 
1*5  inch,  height  2  inches. 

6.  In  the  posterior  cervical  vertebrae  the  breadth  of  the  articular 
face  is  greater  than  the  length  or  height,  but  the  latter  two  dimen- 
sions remain  equal. 

7.  The  neural  spines  increase  in  size  up  to  vertebra  xl.,  in  which 
they  measure  4*75  inches  in  length. 

8.  The  neural  spines  are  inclined  backwards  as  far  as  vertebra  Iv. ; 
past  this,  up  to  Ivii.,  they  are  inclined  forwards ;  but  afterwards  they 
again  incline  backwards. 

9.  The  humerus  and  femur  are  nearly  equal  in  length,  the  femur 
being  slightly  the  shorter. 

For  the  species  the  name  of  P.  Conybeari  is  proposed.  P.  Cony- 
beari agrees  closely  with  P.  Etheridgii  in  the  relative  length  of  head 
and  neck ;  but  it  has  eight  more  cervical  vertebrae  than  the  last- 
mentioned  species.  In  the  number  of  the  cervical  vertebrae  it  agrees 
with  P.  homalospondylw,  but  has  a  much  larger  cervico-cephalic 
index. 

5.  "  On  certain  Quartzite  and  Sandstone  Fossiliferous  Pebbles  in 
the  Drift  in  Warwickshire,  and  their  probable  identity  with  the  true 
Lower  Silurian  Pebbles,  with  similar  fossils,  in  the  Trias  at  Budleigli 
Salterton,  Devonshire."     By  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S. 

The  author  notices  some  previous  remarks  upon  these  pebbles, 
which,  in  Warwickshire  and  elsewhere,  either  occur  in  the  Trias  or 
have  been  derived  from  it.  To  account  for  these,  he  supposed  that 
there  had  been  a  more  northerly  extension  of  Silurian  rocks  than 
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can  now  be  detected  in  Central  England.  The  Liokey  qnartzito  hM 
been  supposed  to  liave  oontribuled  Bume  of  theee;  but  tbe  author 
Btates  tlmt  he  bets  not  found  any  one  well-defined  Llandovery  specJM, 
but  that  the  most  obaracteriBtio  are  Lower  Silurian.  These  i>6bbIeB 
are  most  abundant  south  of  Birraingbam,  towards  Warwick  and 
Stratford-ou-Avon.  They  agree  litholcgioally  with  the  Biidleigh 
Snllertun  pebbles ;  tbeae,  oa  it  baa  been  shown,  are  partly  Lower 
Bilurian,  partly  Devonian,  partly  Carbouiferous.  The  author  gires 
a  list  of  speciM  collected  by  him  from  the  Warwickshire  pebblee. 
Sixteen  are  present  from  tbe  twenty-four  Lower  Silurian  fomiH 
found  in  De^uhire.  NotwithitRDdinff  tiwir  ideati^,  physloal  cdd> 
sideratione  forbid  the  roppontioii  that  uej  have  beeo  disniM  diffnll;^ 
from  that  locality  or  Normandy,  bo  that  it  it  probable  Aim  XjOWW 
Silurian  quaitEite  rooka  onoe  extended  much  further  to  Ae  notA.    - 

n.— Hay  25, 1881.— B.  Ethoridge,  Esq.,  F.B^  Fredtei^  In  Os 

Chur. — Hie  failowing  oommttnioataona  ware  raad  ^— 

1.  "OntheDiaooTeryof  ■omoBeawinaof  PlantaatdnBaisof  tiM 
Denbighshire  Grita,  near  Oorwoi,  Hotth  WkIm."  Bj  Hmuy  WA^ 
M.D.,  F.G.S.  With  an  Append  by  B.  -Ethetidge,  Baq^  F.BJl, 
Frea.  G«ol.  Son. 

Traoea  of  theae  fosaila  were  first  observed  in  1875  by  die  author 
in  Pen-y-glog  quarry,  about  two  miles  E.  of  Oorwen,  Further 
reaearoh  has  resulted  in  the  discovery  of  more  aatisfactoTy  speoimena, 
which  have  been  examined  by  Meaan.  Garruthera,  Etheridge,  and 
E.  T.  Newton.  Among  them  are  spherical  bodies  resembling  the 
Taehi/tkeea  of  Sir  J.  V.  Hooker,  from  the  bone-bed  of  the  Ludlow 
series,  auppoaed  to  be  Lyoopodiaoeons  spore-oaaea ;  also  Dumerous 
minute  bodies  stated  by  Mr.  Carrutbers  to  be  united  in  threes,  and 
to  agree  with  the  forms  of  tbe  tnicroBporea  of  Lyoopodiaoeee,  both 
recent  and  fosBil ;  and  some  fiagments,  which  may  belong  to  these 
plants,  and  others,  probably  belonging  to  plants  described  by  Dr. 
Dawson  from  the  Devonian  of  Canada  under  the  name  of  J'lilophyto*. 
The  above  teatify  to  the  existence  of  a  very  rich  land-flora  at  the 
time.  Mixed  up  with  these,  however,  are  numerona  carbonaceoua 
fragments  of  a  plant,  described  also  by  Dr.  Dawson  from  the  Devo- 
nian of  Canada,  which  he  referred  to  tbe  Couifersa,  but  whioh  ia, 
according  to  Mr.  Carruthers,  an  anomalous  form  of  Alga.  The 
former  called  it  ProlotaxileM ;  the  latter  renamed  it  l^emaUqikyeit*. 
Numerous  microscopical  sectious,  showing  the  beautiful  structure  of 
this  iutereeting  plant,  from  the  speoimens  found  at  Pen-y-glog,  have 
been  examined  by  Mr.  Etheridge  and  Mr.  Newton,  and  their  oon- 
clusiona  agree  with  those  of  Mr.  Carruthers.  The  evidence  seems 
to  show  that  at  this  mid-Silurian  period  the  immediate  area  where 
the  plants  are  now  discovered  must  have  been  under  water,  and  that 
the  mixture  of  marine  and  dry-land  plants  took  place  in  oonsequenoe 
of  floods  on  rapid  marina  denudation.  The  author  indicated  that 
the  land-areas  must  have  been  to  the  south  and  west,  chiefly  islands, 
surrounded  by  a  moderately  deep  aaa,  in  whioh  Graptolitea  occurred 
in  abundance.    The  position  of  these  beds  may  be  stated  to  be  about 
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2000  feet  below  the  true  Wenlock  series,  and  about  the  horizon  of 
the  Upper  Llandovery  rooks. 

2.  "  Notes  on  a  Mammalian  Jaw  from  the  Purbeok  Beds  at  Swanage, 
Dorset"     By  Edgar  Willett,  Esq.,  oommunicated  by  the  President. 

Excavations  were  undertaken  last  summer  in  this  locality  (Durl- 
stone  Bay,  Swanage),  where,  rather  more  than  twenty  years  since, 
the  jaws  of  sixteen  new  species  of  Mesozoic  mammalia  were  found 
by  Mr.  Beccles.  These,  though  less  successful  than  the  former, 
resulted  in  the  discovery  of  the  larger  part  of  the  right  mandibular 
ramus  of  a  marsupial,  about  1^  inch  long.  Six  teeth  are  preserved 
in  tittL  This  specimen  was  described  and  its  affinities  discussed  by 
the  author.  He  referred  it  to  the  genus  Triconodon,  described  by 
Prof.  Owen  in  his  monograph  (Palaaout  Soo.  1871) ;  the  peculiarity 
of  this  specimen  is  that  it  has  four  teeth  having  the  form  of  true 
molars,  while  those  previously  found  have  only  three.  Triacantho* 
don,  indeed,  has  four  true  molars ;  but  between  it  and  the  specimen 
described  there  are  some  important  differences  of  detail.  The  dental 
peculiarity  may  be  explicable  on  either  of  two  hypotheses  su^ested 
to  the  author  by  Prof.  Flower,  and  he  thinks  it  better  to  refer  it  to 
Trieonodon  mordax,  than  to  attribute  it  to  a  new  species  of  the  genus. 


III.— June  8,  1881.— R.  Etheridge,  Esq.,  F.RS.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "The  Reptile-fauna  of  the  Oosau  Formation,  preserved  in  the 
Oeological  Museum  of  the  University  of  Vienna."  By  Prof.  H.  G. 
Seeley,  F.R.S.,  F.L.S.,  F.G.S. ;  with  a  Note  on  the  Geological 
Horizon  of  the  Fossils,  by  Edward  Suess,  F.M.G.S. 

The  collection  of  Reptiles  described  in  this  paper  was  obtained  at 
Neue  Welt,  near  Wiener  Neustadt,  by  tunnelling  into  the  freshwater 
deposits  which  there  yield  coal.  A  part  of  the  collection  was 
described  by  Dr.  Bunzel  in  1871 ;  but  the  author's  interpretation  of 
the  fossils  rendered  a  re-examination  of  the  whole  collection  neces- 
sary. All  the  species  hitherto  discovered  are  new,  and,  with  the 
exception  of  those  referred  to  Crocodilus,  Megalosaurus,  Ornithochi- 
rusy  and  Emya,  are  placed  in  new  genera.  Nearly  all  the  bones  are 
more  or  less  imperfect. 

The  Iguanodon  Stiesaiif  of  Bunzel,  was  referred  to  a  new  genus, 
MochlodoUf  characterized  by  the  straight  anterior  end  of  the  ramus 
of  the  lower  jaw,  and  by  the  vertical  bar  in  the  middle  of  the  teeth 
of  the  lower  jaw.  There  appear  to  be  two  teeth  in  the  ramus.  The 
tooth  referred  to  the  upper  jaw  has  several  uniform  parallel  vertical 
bars.  A  small  parietal  bone,  referred  by  Bunzel  to  a  Lizard,  is  con- 
sidered by  the  author  to  belong  probably  to  the  same  species,  and, 
with  some  doubt,  he  associated  with  it  the  articular  end  of  a  small 
scapula. 

Bunzel's  Struthiosaurus  austriacus  was  redescribed  by  the  author, 
who  indicated  that  the  bones  of  the  base  of  the  brain-case,  regarded 
by  Bunzel  as  the  quadrate  bones,  really  belong  to  the  occipital 
region,  which  necessitates  a  different  interpretation.  The  foramina 
along  the  base  of  the  skull  were  also  described  as  presenting  one  of 
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tlie  cliarncteristics  of  the  Dinoeaurian  ori]er.  The  base  of  the  skull 
of  AcaiilhophoU»  hoTiidva  was  described  to  sbow  its  relatiun  to  the 
above    type,    with   the   view   of    demonetrating    its   Seel  idosau nan 

The  greater  part  of  the  remains  were  referred  by  tbe  aiitlior  to  a 
new  genus,  OrataomHt;  some  of  these  had  been  figured  by  BunEcI 
as  "  Crooodili  ambigiii,"  and  oLhers  as  belonging  to  SccUdoiavrvM, 
and  to  a  new  l<acertilian  genus,  Danubiosaunu.  To  Crataoviua  he 
referied  inandibies,  teetb,  vertobne  from  all  parts  of  the  column 
except  the  boctuid,  dermal  armour,  and  the  chief  bones  of  the  limbs. 
Two  species  were  distinguished,  0.  Pauioteilichii  and  C.  lepidopliomi. 
The  former,  which  is  uiucb  tbe  larger,  was  named  in  honour  of  H. 
Paulowitsoh,  who  voluntarily  superintended  the  work  at  the  Neue 
Welt.  The  antbor  stated  that  he  regardeil  ihege  animals  as  carnivo- 
rous, and  tbat,  unlike  tbe  typical  Wealden  Dinosaurs,  they  were  not 
Eangn  rod -like  in  habit,  but  bad  strongly  developed  fore-limbs,  as 
indicated  in  the  proposed  generic  name. 

Two  teetb  belonging  to  JUegalosaurua  were  described  as  represent- 
ing a  new  species,  2f.  pannonienait.  characterized  by  the  orown  being 
shorter  and  broader  than  in  preTiously  described  forms.  A  frag- 
ment, regarded  by  Bunzel  as  tbe  thoraoio  rib  of  a  Lizard,  was 
interpreted  as  the  distal  end  of  the  femnr  of  a  Dinosaur,  and  named 
Ornithomerue  graeilit.  The  lower  jaw,  described  by  Bunzel  as 
Croeodiitu  earekarident,  of  which  a  maxillary  bone  also  occurs,  was 
made  tbe  basis  of  a  new  genus,  Doratodon,  probably  Dinosaurian, 
judging  from  tbe  lateral  position  of  the  apertures  of  tbe  skull 
and  the  characters  of  the  teeth.  The  genus  Bhadmotaurut  was 
founded  upon  the  humerns  and  femnr,  tbe  latter  having  been 
regarded  by  Bunzel  as  the  dorsal  rib  of  a  Crocodile ;  the  species 
was  named  B.  aleimui,  OUgosaurua  adelut  was  described  as  present- 
ing Tiacertilian  characters  in  combination  with  some  Dinosaurian 
peculiarities.  The  remains  include  the  humerus,  femur  and  scapula, 
and  two  vertebne,  which  were  regarded  by  Bunzel  as  foetal  vertebro 
of  a  Dinosaur.  The  genus  Uoptoaavrut  was  founded  oa  some 
vertebrBB,  fragments  of  limb-bones,  and  dermal  armour;  it  shows, 
with  distinctive  peouliarities,  a  certain  resemblance  to  BylteogaurM. 

A  procoelian  Crocodile  was  represented  by  many  parts  of  the 
skeleton ;  some  figured  by  Bunzel  as  Lacertilian,  others  as  Croco- 
dilian. It  is  remarkable  for  having  a  buttress  supporting  the 
transverse  process  in  tbe  lumbar  r^on.  Tbe  author  calls  it  Croco- 
dilut  proaoui. 

The  specimen  figured  by  Buuzel  as  the  ilium  of  his  Danubiogavnu 
aneept,  was  stated  by  tbe  author  to  be  a  costal  plate  of  a  large 
Che  Ionian,  in  which,  apparently,  the  margins  of  these  plates 
remained  separate  through  life.  Skull  bones,  believed  to  belong  to 
the  same  animal,  are  strongly  sculptured  ;  tbe  author  named  the 
species  I'leuropellus  lissug.  Three  or  four  species  of  Emydians  were 
said  to  be  indicated  by  isolated  plates,  the  largest  of  which  was 
named  Emyt  Newmnyri. 

Tbe  only  specimen  referable  with  oeitainty  to  a  Lizard  is  a  sm&U 
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vertebra  of  elongated  form,  regarded  as  indicating  a  new  genus  and 
species,  named  Spondyhsaurus  gracilis.  Of  Pterodactyls  there  are 
but  few  remains;  but  these  certainly  represent  two  genera.  The 
author  only  describes  one  species,  to  which  he  gives  the  name  of 
Omithochirus  Bunzeli,  There  are,  in  all,  probably  ten  genera  of 
Dinosaurs  and  five  genera  of  other  groups,  making  fifteen  in  all. 

The  paper  was  supplemented  by  a  note  by  Prof.  Suess  on  the 
geological  relations  of  the  beds  at  Wiener  Neustadt  to  those  of  the 
Gosau  valley,  in  which  he  comes  to  the  conclusion  that  they  are 
older  than  the  true  Turonian  deposits,  and  especially  older  than  the 
zone  of  Hippurites  cornu  vaccinum. 

2.  ''  On  the  Basement-beds  of  the  Cambrian  in  Anglesey."  By 
Prof.  T.  McKenny  Hughes,  M.A.,  F.G.S. 

In  this  paper  the  author  first  pointed  but  that  there  was  in 
Anglesey: — (1)  An  upper  slaty  group,  in  which  he  had  fixed  two 
life  zones,  which  showed  that  the  series  belonged  to  the  Silurian 
(Sedgwick's  classification),  and  (2)  a  lower  group  of  slates  and  sand- 
stones in  which  Arenig  fossils  had  been  found  in  several  localities, 
and  Tremadoc  had  been  less  clearly  recognized,  while  by  the  cor- 
rection of  the  determination  of  a  species  of  Orthia  there  was  now  a 
suspicion  of  even  Menevian  forms.  These  all  rested  upon  the  Base- 
ment-beds of  the  Cambrian,  of  which  the  paper  chiefly  treated. 
They  were  made  up  of  conglomerates,  grits,  and  sandstones,  with 
Annelids  and  Fucoids. 

The  Basement-beds  varied  in  thickness  and  character,  according 
to  the  drift  of  currents  along  the  Pre-carabrian  shore  and  the  material 
of  the   underlying  rocks.     Near  Penlon,  where  they  rested  on  a 
quartz-felspar  rock,  they  consisted  chiefly  of  a  quartz-grit  and  con- 
glomerate, almost  exactly  like  that  of  Twt  Hill.     Near  Llanerchy- 
medd,  where  there  was  a  mass  of  greenish  schistose  rock  succeeding 
the  Dimetian,  the  Cambrian  Basement-bed  contained  a  large  number 
of  fragments  of  that  rock,  certain  bands  being  chiefly  composed  of  it. 
Near   Bryngwallen,  where  the   underlying  Archaean   consisted  of 
gneissic  rocks,  the  Cambrian  Basement-beds  were  made  up  of  quartz 
conglomerate.     Tracing  it  still  further  to  the  S.W.,  he  found  bosses 
of  conglomerate  among  the  sand  dunes  of  Cymmeran  Bay,  full  of 
fragments  of  green  schistose  rock,  like  that  of  Bangor,  and  telling  of 
the  further  development  of  Pebidian  at  the  S.  W.  end  of  the  Anglesey 
axis.     In  several  localities  these  conglomerates  were  associated  with 
and  passed  into  fossiliferous  grits  and  sandstones.     He  exhibited 
slices  of  the  more  important  rocks,  which  he  showed  confirmed  the 
results  arrived  at  from  other  evidence.     He  pointed  out  that  the 
observations  now  made  confirmed  the  views  he  had  expressed  on  a 
former  occasion  with  regard  to  the  Basement-beds  of  the  Cambrian 
between  Caernarvon  and  Bangor,  where  the  deposits  which  rested 
upon  the  granitoid  rocks  of  Twt  Hill  were  either  a  kind  of  arkose 
or  chiefly  composed  of  quartz  with  a  few  pieces  of  mica-schist  and 
jasper ;  but  as  he  followed  them  a  few  miles  to  the  N.E.,  he  found 
that  the  quartz  had  got  pounded  into  smaller  grains,  and  the  larger 
pebbles  were  chiefly  of  felsite,  which  here  formed  the  shore^  vrkUa 
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further  towardfi  Bangor  fragments  of  the  still  tigher  Bangor  voloanio 
aeries  lielped  to  make  up  the  Cambrian  ehingle- beach. 

3,  "Dencription  and  Correlation  of  the  Boumemoutli  Beds, — 
Tart  II,  Lower  or  FreshwBter  Seriea."     By  J.  S.  Gardner.  Ef-q. 

This  was  in  ixtntiDuation  of  a  former  paper  by  the  author 
(Q.J.G.S.  vol.  xsxv.  p.  209).  The  beds  deseribed  are  exposed  east 
and  west  of  Bouniemoolh  and  near  Poole  harbour,  over  a  distance  of 
about  four  miles.  The  author  referred  them  to  the  Jlktiddle  Bag«hot, 
and  stated  that  they  are  distinguished  from  the  Lower  B:^bot  by 
the  absence  of  the  extensive  pipe-clay  deposits  and  the  presence  of 
brick-earths,  and  from  t]je  overlying  beds  by  the  absence  of  flints, 
I'hey  Tench  their  extreme  limit  in  the  western  area  of  the  London 
basin,  and  are  represented  by  the  ligmlio  beds  19-24  of  Prof,  Prest- 
wich's  section.  Lignites  can  be  trat^  partly  across  the  bay.  The 
clifTs  present  an  oblique  section  across  a  delta  divisible  roughly  into 
four  musses,  one  of  wLioh,  from  its  confused  bedding  and  want  of 
fossils,  is  supposed  to  have  been  formed  by  the  silting  up  of  the  maia 
channel.  The  total  thickness  of  the  series  was  eatimat«d  at  600  to 
700  feet.  The  inferences  drawn  bj  the  author  were  as  follows  : — 
1.  From  the  beds  cut  through  showing  h  steep  side  to  the  west, 
that  the  river  flowed  from  that  direction;  2.  From  the  absence  of 
bouldere  or  ooarM  sediment,  that  the  areft  was  flat ;  S.  From  ths 
Bbaence  of  lignite,  that  there  were  catchment  basine ;  4.  From  the 
absence  of  flint  and  the  quartzose  nature  of  the  beds,  that  no  ohalk 
esrarpmenta  were  out  through,  and  that  the  deposits  oame  from  a 
granitic  area ;  and  5.  From  the  presence  of  wom  bored  by  Ter«do, 
that  the  beds  belong  to  the  lower  part  of  tlie  river  in  proximity  to 
tidal  water. 

The  flora  was  stated  to  be  confined  to  local  patches  of  olay.  Those 
at  the  westero  end  of  the  section  are  very  rich,  and  distinguished 
from  the  rest  by  absence  of  palms  and  rarity  of  ferns.  The  beda 
near  Bournemouth  are  still  richer  and  very  distinct ;  those  east  of 
Bournemouth  are  charocleriEed  by  Saiealypti,  Aroids,  and  Arauearia ; 
and  those  at  the  western  end  of  the  section  by  abundant  Polypo- 
diaceu.  It  is  remarkable  that  nearly  every  patch  contains  a  flora 
almost  peculiar  to  it ;  bnt  the  flora  as  a  whole  seems  to  pass  upward 
to  the  Oligooene,  but  not  down  to  the  Lower  Bagshot. 

C0iaiaE!aX>01iT3DE!liTCE. 

"KAMMPLATTEN"  IN  THB  IE0N8T0NE  OF  BOEOUGH  LEE. 
SiK, — I  have  now  no  doubt  that  the  pectinated  object  from  the 
Ironstone  of  Borough  Lee,  which  I  at  one  time  supposed  might 
possibly  be  a  tooth,  and  in  a  recent  Number  of  your  Maoazikk 
(January,  1881)  1  described  under  the  name  of  Euctenias  eUgani, 
belongs  in  reality  to  the  same  category  as  the  "Kammplatten," 
which  Prof.  Anton  Fritsoh,  of  Prag,  has  recently  described  and 
figured  as  appertaining  to  the  oloacal  region  of  certain  fossil 
Amphibia,  e.g.  Ophiderpeton  pectinatum  (Fritsoh,  Fauna  der  Gaskohle 
mid  der  Kalksteine  der  Permformatiun  Biihmeoa,  Bd.  I,  Heft  3, 


Correspondence — Prof.  Lebour. — Mr,  Mellard  Reade.       335 

Tafel  XX.).  My  attention  has  been  directed  to  this  fact  by  a  news- 
paper report  of  a  paper,  recently  read  before  the  Geological  Society 
of  GlaBgow,  by  Mr.  John  Young,  in  which  he  identified,  as  one  of 
these  "  Eammplatten,"  an  apparently  allied  relic  from  the  Airdrie 
district,  and  which,  judging  from  that  report,  must  either  be  the 
same  as  Barkas's  ^^Ctenoptyehius**  unilateraliSj  or  closely  related  to 
it  The  two  specimens,  from  which  I  drew  up  my  description  of 
"  Euctentus,'*  have  no  elongated  process  or  "  handle,"  but  in  other 
respects  there  is  an  obvious  general  resemblance. 

I  may  take  this  opportunity  of  mentioning  that  within  the  last 
few  days  I  have  obtained  from  the  same  ironstone  a  portion  of  a 
small  Labyrinthodont  mandible,  set  with  teeth  which  have  the  same 
general  configuration  and  markings  as  those  of  Messrs.  Hancock  and 
Atthey's  Batrachiderpeton.  R  H.  Tbaquaib. 

THE  HUTTON  COLLECTION  OP  FOSSIL  PLANTS. 

SiK, — It  has  only  within  the  last  few  days  come  to  my  knowledge 
(indeed  only  to-day  authoritatively),  that  the  Button  Collection  of 
Fossil  Plants,  at  present  deposited  in  the  Museum  of  the  Natural 
History  Society  of  Northumberland  and  Durham  at  Newcastle,  had 
been  named  by  the  Curator,  Mr.  Richard  Howse,  prior  to  the  com- 
piling by  myself  of  a  Catalogue  of  the  Collection,  published  in  1878 
by  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers.  The  labels  on  the  specinfens,  referred  to  in  the  Cata- 
logue, were  therefore  Mr.  Howse's,  and  not,  as  I  until  now  imagined, 
either  William  Button's  original  ones  or  mere  copies  of  them. 

Moreover,  an  unsigned  MS.  List  of  the  specimens  in  the  Collection, 
agreeing  with  the  labels,  with  which  I  was  furnished  by  the  Mining 
Institute,  and  which  was  used  freely  by  me  in  drawing  up  the 
Catalogue,  must  now  be  regarded  as  the  result  of  much  time  and 
labour  spent  by  Mr.  Bowse  in  identifying  and  naming  the  whole 
of  the  Button  Collection. 

I  trust  you  will  allow  me  space  in  your  Magazine  to  hereby 

redress  an  injustice  of  which  I  was  unaware  at  the  time  of  its 

commission.  G.  A.  Leboub. 

College  of  Physical  Science, 
N«wca8tlb-upon-Tynb,  May  18,  1881. 

SUBSIDENCE  AND  ELEVATION. 

Sir, — Mr.  Starkie  Gardner,  in  his  paper  on  the  above  subject,  in 
the  June  Number  of  your  Magazine,  says  (p.  245) : — "The  records 
of  the  Palaeozoic  rocks  point  to  a  comparative  uniformity  in  the 
earth's  surface  in  remote  times,  there  being  neither  evidence  of 
great  depths  in  the  sea,  nor  of  mountainous  elevations  of  the  land." 

The  latest  calculation  of  the  average  depth  of  the  sea  is  a  little 
over  two  miles.  The  area  of  land  being,  roughly  speaking,  about 
one-third  of  that  of  the  oceans,  it  follows  that  if  the  solid  part  of 
the  earth  were  a  perfect  spheroid,  having  neither  depression  nor 
elevation,  it  would  be  covered  by  an  universal  ocean  nearly  one  and 
a  half  miles  deep.  Is  there,  therefore,  any  meaning  in  saying  that 
there  ever  was  a  time  when  great  depths  of  the  sea  did  not  exist  ? 
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Tlie  way  Bome  rcaaoners  have  of  dealing  with  land  and  vtier 
reminda  &ie  of  nothing  so  much  na  fbe  instructions  given  to  an  Iriah 
labourer,  who  aeked  hie  master  bow  he  wok  to  dispose  of  a  cettuD 
lump  of  riibbiBb.     He   was   told    "  to   dig  a   bole   to   put   it  in."      ' 
"But,"  saja  he,  "'What  am  I  to  do  with  the  stuff  out  of  the  bole?"      '' 
llie  answer  was  pal :  "  Dig  a  hole  big  enough  to  hold  both." 

T.  Mklurd  Readb. 
REPLY  BT  THE  REV.  H.  G.  DAT  TO  THE  HEY.  O.  FISHER. 

Sir,— Mr.  Fisher  cavils  at  my  proof  (Gaou  Mao.  p.  237).  I 
musl  apologize  for  the  acoidental  inlercbange  thereiu  of  the  aymbols 
a  and  ^ ;  a  slip  which  affects  neither  ile  validity  nor  its  relevance. 

Air.  F.  claims  that  I  should  correct  his  simitar  lapBua.  Had  this 
been  my  province,  I  should  certainly  have  commenced  by  asking 
him  to  explain  under  what  circumstances  he  finds  it  impossible  to 
pass  a  verlieal  plane  through  the  major  axis  of  his  ellipse  (p.  21, 
line  2).  Mathematicians  bad  been  accustomed  to  believe  that  any 
line  could  lie  in  a  vertical  plane.  U.  6.  Day. 

isdiiscEXiXi  ji.  isr:E30Trs- 

Thk  Blacrbkath  SuBBiDBKaM.  —  Attention  has  been  called  in 
Salwe  (Feb.  17,  1881),  and  in  The  Engineer  (Feb  4,  and  March  18, 
1881)  to  a  aeries  of  subsidences  that  have  taken  place  at  Blaokheath. 
In  April,  1878.  a  subaidence  of  the  ground  occurred  near  a  place 
called  Rotten  Row,  the  hole  being  8  or  9  yarda  in  circumference ; 
in  November,  1880,  two  holes  appeared,  one  not  far  from  the  gravel- 
pit  below  Eliot  Place  and  Heath  House,  and  the  other  nearer  to 
All  Saints'  Church. 

The  district  is  occupied  by  the  Lower  London  Tertiaries — the 
Chalk  occurring  at  about  100  feet  from  the  surface;  and  several 
natural  causes  have  been  suggested  to  account  for  the  production  of 
tliese  holes. 

In  seeking  for  an  explanation,  Mr.  T.  Y.  Holmes  {Engineer, 
March  16)  recalls  attention  to  the  disoovery  in  1&78  of  a  pit,  in  all 
probability  a  Danea'  Hole,  at  Eltham  Park,  within  three  miles  of 
Blaokheath,  and  mentions  other  ancient  artificial  exoavations  or 
"Danes'  Holes"  about  Bexley,  Chiselhurst,  and  in  "Jack  Cade's 
Cave  "  at  Blackheath  iteelf.  He  considers  that  the  popular  tradition 
that  these  Holes  were  originally  intended  as  places  of  security  for 
persons  and  property  from  Danish  and  other  pirates  and  robbers, 
seems  to  be  the  most  reasonable  explanation  of  their  existence. 

Nevertheleee,  the  question  of  their  origin  ought  not  to  remain  in 
abeyance,  and  it  may  be  mentioned  that  a  committee,  comprising 
members  of  the  Lewisham  and  Blaokheath  Scientific  Association 
and  of  the  West  Kent  Natural  History  Society,  has  been  formed  for 
the  purpose  of  investigating  the  matter,  and  they  invite  contributions 
towards  their  object. 

In  connexion  with  this  subject  attention  may  be  re-direoted  to  a 
letter  from  Mr.  H.  Norton,  F.G.S.,  on  the  Pits  of  the  Haute  Mnme, 
see  Geolooioal  Maqazihk  for  June,  1877,  Deoade  II.  Vol.  IV.  p.  286. 
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I. — Notes  on  bomb  Pal2bozoio  Biyalyed  Entohostraoa. 
By  Professor  T.  Rupert  Jones,  F.R.S.,  F.6.S. 

(PLATES  IX.  AND  X.i) 
1.  Ctpridina?    Plate  IX.  Figs.  7tt,  76. 

Length,  ^  inch. 

THE  specimen  here  figured  is  an  internal  cast  of  a  right  valve, 
occurring  in  the  well-known,  reddish,  fossiliferous,  Palasozoic 
quartzite  of  the  Triassic  pebble-bed  at  Budleigh -Salter ton,  in  Devon- 
shire ;  and  it  resembles  some  forms  of  Cypridina  hrevimentum,  J. 
and  K.  ("  Monogr.  Carbonif.  Entom."  Pal.  Soc.  1874,  p.  15,  pi.  5, 
figs.  15-19),  in  general  aspect;  and  also  in  some  respects  Polycope 
simplex^  J.  and  E.  {op.  cit.  p.  54,  pi.  2,  fig.  12).  It  was  detected  by 
the  late  Mr.  J.  W.  Salter  (in  1865  ?)  during  his  enthusiastic  study 
of  that  interesting  conglomerate. 

Mr.  T.  Davidson  has  brought  together  all  that  is  known  of  this 
old  pebble- bed  of  Devonshire,  in  his  "  Monograph  of  the  Fossil 
Brachiopoda,"  Pal.  Soc,  Supplem.  Part  IV.  1881 ;  and  has  therein 
and  elsewhere  added  greatly  to  our  knowledge  of  its  palaeontology, 
and  of  its  geological  relationships.  Both  Silurian  and  Devonian 
fossils  are  known  to  occur  in  the  pebbles  referred  to  ;  and,  as  far 
as  appearances  serve,  the  unique  specimen  under  consideration  is 
a  Carboniferous  form.  We  cannot  say,  however,  that  it  may  not 
have  been  Devonian^  or  even  Silurian ;  for  Bivalved  Eutomostraca 
of  existing  genera  are  represented  by  valves  similar  to  their  own 
(and  valves  are  our  only  evidences)  in  various  Palaeozoic  strata.  The 
matrix  is  decidedly  that  of  the  other  old  pebbles  of  the  conglomerate ; 
and  it  would  have  been  very  strange  if  all  and  each  of  the  three  great 
formations  should  have  given  a  similar  quartzite  to  one  pebble-bed. 

Being  only  an  internal  cast  in  granular  quartzite,  with  a  portion 
of  the  margin  (postero- ventral)  still  imbedded  in  the  matrix,  it  fails 
to  show  any  very  distinct  features,  beyond  an  oval  outline,  with  a 
broad,  shallow,  oblique,  anterior  antennal  notch  (scarcely  making  a 
beak),  and  with  a  moderate  convexity  of  the  valve,  greater  in  front 
than  behind. 

If  the  want  of  prominence  in  the  beak,  owing  to  the  obsolete  con- 
dition of  the  notch  or  sinus,  separates  this  form  from  Cypridina,  and 
yet,  if  the  prominence  remains  too  strong  for  Polycope,  we  shall  have 

^  These  two  Plates  have  heen  drawn  with  aid  of  a  Grant  from  the  Eoyal  Society 
for  the  iUnBtration  of  the  fossil  Bivalved  Entomostraca. 
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toremoTe  both  this  and  some  Onrboniferous  forms,  wbich  have  bosn 
ranged  under  Pulycape  in  the  Monograph  above  mentioned,  to  a  new 
group.  Ths  grnilatione  are  noticeable,  and  the  diiiBciiIty  of  getUug 
perfect  specimens  is  very  great.  We  therefore  now  merely  rooorii 
and  illustrate  the  specimen,  waiting  for  better  material. 
2.  Cypfioaia  Haswelui,  gen.  et  sp.  nov.  Plate  15.  Figa.  6a.  fit. 
Length,  A  inch. 
Tlie  late  Mr.  G-  C.  Haswell,  of  Edinburgh,  noticed  and  figured' 
(indifferently)  an  inlereating  and  unique  internal  cast  of  an  Entn- 
moBtracan  valve  in  olive-grey  Dppei -Silurian  inudatone,  from  the 
west  side  of  the  North-Esk  Reservoir  in  (he  Pentland  Hills. 

Tfiis  specimen  Mr.  Haswell  kindly  allowed  me  to  examine  and 
skclch  ;  and  my  view  of  its  characters  and  relationship  is  &s 
follows  :— 

It  is  a  slightly  oonven  cast,  reprcBenting  the  left  valve  of  a 
Cypridinad,  naturally  indented  at  the  posterior  third  by  a  etmng 
tmnsverse  sulcus,  and  by  n  fainter  impression  across  the  anterior 
third.  It  is  ovate  in  outline,  subacute  behind  (rather  too  blunt  in 
the  drawing),  anii  distinctly  beaked  and  notched  in  front. 

Regarding  the  transverse  furrows,  especially  the  hinder  sulcus,  as 
zoological  features,  probably  of  physiological  value,  I  venture  to 
distinguiijb  this  form,  rare  and  poor  as  it  is,  by  &  new  name,  and 
dedicate  it  to  the  memory  of  its  enthusiastic  discoverer. 

Tho  obBervfttiona  on  tbie  Bpecimen  recorded  by  Mr.  Hssirell  at*  u  follow : — At 
pag«  42  of  hia  Memoir  sboie  meotJODed,  be  ntp  :^"  I  found  on  the  west  bank  of 
tho  cesonoir  one  epacimen  of  the  canipsoe  of  n  oniataceBD,  different  from  the  pn- 
cediog  [Lrptrdiliif],  repreaented  in  plate  3,  figure  13.  Itieeembles  in  aome  reepecta 
the  more  common  forms  of  Cypridina.  It  ii  probably  ■  new  speciee,  and  Bpecinulti 
Bhonld  be  looked  for."  At  page  13,  ha  adds  : — "Since  the  aboTS  was  in  type  I  KaTS 
received  the  following^  letter  from  Profeeaor  R.  Jonea,  with  referenoe  to  tiie  apecimen, 
plate  3,  figtire  13  : — "  My  dear  Sir, — Ui,  Henry  Woodward  haa  kindly  seat  me  a 
apecimen  for  examination.  It  is  a  good  and  rare  fosHil,  new  to  me.  It  is  a 
Cj/prtdina,  hardly  aepamble  from  recent  fonns,  ench  >a  Baird,  Daaa,  and  othm 
hate  deacribed,  aa  far  na  the  appearanca  of  thja  mould  of  one  of  ttie  carapaoe- 
TStTcs  will  allow  us  to  judge.  The  Tertical  indenlatiou  acnss  the  valve  seems  to  be 
natural,  and  may  possibly  mdicate  a  generic  oi  subgeneric  diSerence.  At  all  evenla, 
you  would  be  safe  in  using  It  as  the  basis  of  a  specific  name  and  distinction  for  the 
present.  Cypridina  occnrB  freely  in  the  Carboniferous  rocks.  Eicepdag-  one  sped- 
men  of  an  allied  form  from  the  Lower  [f]  Silurian  [Budieig-h-Salterton  pebble].  tUs 
of  youis  ia  the  oldeat  I  know.  It  ia  pneerved  in  the  same  way  as  the  Leperditia  of 
the  Upper  Lmilow  beda  of  Shropahire.  I  congrutulate  yoD  on  having  added  sneh 
a  nice  fossil  to  your  collection,  and  on  having  broaght  forward  so  interesting; 
a  qieeiee  for  lUeotoic  timea.  I  have  taken  its  meaanrement  and  oatlios  aa  a 
memoraitdam.  Toon  very  traly,  T.  Bupt.  Jonea.  [Yozktoim,  1866.]  To  Q.  C. 
Haawell,  Esq." 

3.  CiPBoaiNA  Whidbobnki,  nov.  g«D.  et  spec 
Plate  IX.  Figs.  1-3,  and  S. 

t-mph.         HeiRht. 
1       16  II 

5ize  of  different  specimena,  in  SOths  of  an  inch    >      14  9 

)     e  4 

Unlike  the  two  specimens  described  above,  which  are  mere  casti 
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rare,  this  form  occars  in  a  considerable  number,  and  with  the 
well  preserved  ;  but  unfortunately  no  one  of  the  specimens  yet 
with  has  the  whole  margin  of  either  valve  quite  exposed  for 
Qination ;  and  only  one  specimen  with  the  valves  in  juxta- 
tion  has  been  found.  Mr.  G.  F.  Whidbome,  F.G.S.,  of  Torquay, 
discovered  twenty-eight  individuals  of  this  species  in  the  Middle- 
3nian  Limestone  of  Lummaton  quarry,  a  quarter  of  a  mile  north 
[arychurch,  which  is  on  a  hill  about  two  miles  north  of  Torquay. 

blnish-grey  limestone  is  in  some  parts  made  up  of  Shells, 
'zoans,  Encrinites,  eta,  with  a  noticeable  proportion  (in  the 
l-specimens)  of  the  organisms  under  notice. 

is  a  Gypridinad,  having  strongly  convex  valves,  elongate-oval 
»rm,  and  with  a  short  transverse  (vertical)  sulcus  at  or  near  the 
He  of  the  ventral  region.  The  closed  carapace  is  subcylindrical, 
er  acute  in  front,  and  rounded  behind.  The  dorsal  edge  of  the 
overlaps  that  of  the  right  valve.  The  beak  at  the  middle  of  the 
rior  margin  is  distinct,  though  not  large,  as  in  Figs.  2  and  3. 

formed,  as  it  were,  by  a  slight,  but  definite,  lateral  pinching  of 
niddle  of  the  front  end  of  the  two  valves,  rather  than  by  a  notch 
)ut  of  their  curved  and  projecting  end. 

be  antero- ventral  margin  of  each  valve  turns  sharply  inwards 
upwards  to  a  slight  extent,  and  has  a  feeble  marginal  hem 
ggerated  in  Fig.  36,  by  local  distortion).  An  antero- ventral 
itudinal  furrow  is  thus  caused  in  the  closed  carapace,  continuous 
I  the  antennal  notch.  The  ventral  margins  appear  to  meet 
lOut  overlap. 

be  dorsal  margin  of  the  right  valve  is  somewhat  flattened  or 
(lied  along  the  hinge-region,  with  a  slight  beading  where  it  turns 
rom  the  convexity  of  the  valve,  and  against  which  the  edge  of 
)verlapping  valve  rests.  None  of  the  figured  specimens  shows 
feature  well,  but  the  marginal  hem  continued  from  the  aforesaid 
e  is  shown  in  Fig.  5c. 

be  short  vertical  ventral  depression  or  furrow  is  a  distinctive 
ire,  as  important  as  the  dorsal  furrow  in  Cypridella,  and,  although 
ilways  strongly  expressed,  it  is  too  persistent  to  be  accidental. 

muscle-spot,  neatly  radiate,  is  seen  in  several  specimens  (for 
mce.  Fig.  2a),  near  the  middle  of  the  valve  (but  rather  backward), 
le  upward  termination  of  the  sulcus  crossing  its  ventral  region, 
be  other  organisms  constituting  the  hand -specimens  of  Lumma- 
imestone  in  which  I  have  seen  the  Cyprosina  are  : — 


Atrypa  cupera, 
Athyris  f 
Spirifera  nuda  t 
Leptana  eaperata, 
Cyprieardia. 


Olaueononu  bipinnata  f 
FtnetteUa  prisea  f 
Aulapora  ? 
Coral  (obscure). 
Encrinital  joints. 

r.  Whidbome  favours  me  with  the  following  note  on  the  fossils 
;h  he  has  collected  in  the  limestone  of  Lummaton  quarry, 
tne  of  the  most  noticeable  are  : — 


Brontet  flahellifer,  I  Hexacrinus  inter teapularit, 

Fhaeopa  iati/rons,  \  Euomphalu*  annulatut. 
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Jenfulia  Mhurn. 
PUurvrhyttchui  olifonau. 
Modieta  tealans. 

Slrephalaiia  produeleidM. 
(Tyrlina  httrreelt/la. 
jitrypa  dtaguantala. 
-Itrupa  aiptra. 


Spiriffra  aadifii-a. 
ShfHeioiuila  aoumAiaM, 
Shynehotitlla  mboUlm. 
Srltpera  privra. 
Bmilrgpa  ecvlala. 
Smilhui  rmgflUi. 
O/alkophyliifa. 


"The  above  are  only  a  portion  of  the  spetjies;  for  inBtsnoe,  of 
Braebiopods,  which  are  the  leading  fo»(ilR,  I  have  collected  con- 
Biderably  more  than  30  species,  but  I  cannot  give  the  exact  iiumber, 
as  Mr.  Davidson  is  now  revisingthe  Devonian  lists."  Mr.  Whidboma 
intends  to  publish  a  detailed  list  of  the  palroootology  of  this  iulereat- 
iog  Devonian  quarry. 

4.  PoLYOOPB  Devon  roA,  sp.  nov.     Flate  IX.  Figs.  4a,  46,  4c. 
Size  ;  len^h.  j^g  inch  ;  height,  ^  JnrL. 

This  species,  of  which  I  have  seen  three  Hpecinnens,  closely  re- 
sembles Pohjeope  simples,  J.  and  K.  ("  Monogr.  Carbonif.  Entom.." 
1874.  p.  64.  pi.  2,  fig.  1)  :  but  it  is  much  too  convex  for  that 
species;  and  it  is  too  oval  iri  outline  for  P.  Bnrrocii,  J.  and  K. 
(jofi.  cil.  fig.  2).  These  are  but  alight  differences;  we  know  not, 
however,  how  much  the  nnimale  may  have  differed  in  their  soft 
parts. 

It  has  been  objected  by  my  friend  the  Eev.  FrofesBOr  J.  P. 
Blake,  in  "  The  Torksbire  Lisa,"  1876,  p.  434,  that  in  his  opinion 
our  Paleeozoic  forms  do  not  perfectly  correspond  with  Polyeope  of 
Bars.  The  Carboni/trow  may  bo  far  back  to  look  for  a  direct 
ancestor  of  a  reoent  Entomostracon :  bnt  for  the  preseat,  at  least, 
I  do  not  see  that  we  can  do  better  than  follow  the  plan  we  havs 
long  adopted  of  referring  the  fossil  valves  to  known  genera  on  the 
strength  of  their  similarities,  the  soft  organs  not  having  been  pre- 
served. How  very  little  one  Faleeozoio  Cyprid,  of  whioh  the  limba 
are  preserved,  differed  from  the  existing  forms,  has  been  shown  by 
M.  Charles  Brongniart,  in  his  elucidatian  of  Palaocypria  Edwardtti, 
from  the  Coal-measnrea  of  SL-Etienne,  "  Annales  des  So.,  GeoL"  viL 
6,  Art.  3, 1876. 

Polyeope  Dnoniea  was  discovered  in  the  Mid  die -Devonian  Lime- 
stone of  Lammaton,  Devonshire,  by  Mr.  Whidbome ;  and  it  occurs 
in  the  same  condition  aa  its  more  abundant  associate,  G/prorina 
Whidbonei. 

5.   LiPCRDiTii.?  DOBSALiB  (Biditer).    Plate  IX.  Figs.  8a  and  6b. 
Len^,  -fi  inch  ( =2  mm.). 

Among  some  spedmens  of  fossil  Eutomostraca,  which  my  friend 
Dr.  Richter,  of  Saalfeld,  kindly  sent  te  me,  in  1874,  for  exaninatios, 
together  with  the  Enfomidet  described  in  the  "  Annals  Nat.  Hist.," 
eer.  5,  vol.  4,  p.  182,  etc.,  September,  1879,  is  one  marked  "  £. 
dortalia."  This  is  here  figured  in  our  Plate  IX.  Fig.  8,  but  it  bears 
little  resemblance  to  the  Beyriehia  dorsalis,  Richt«r,  "  Zeitscfa.  d. 
Deutsch.  geol.  Ges.,"  1869,  p.  774,  pi.  xxi,  figs.  10-13,  which  tber« 
looks  something  like  Frimilia  Maeeoyii,  J.  and  H. 

The  specimen  before  me  is  a  small  internal  cast  of  a  right  valvo* 
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iu  dark-grey  schist.^  It  is  oblong ;  the  posterior  is  more  evenly 
rounded  than  the  anterior  end.  The  valve  is  gently  convex  towards 
the  middle.  An  eye-spot  and  a  slight  elevation  behind  it  remind  us 
of  Leperditia  and  Isochilina.  The  outline,  eye-spot,  and  deep 
ventral  margin  seem  to  connect  this  specimen  (small  as  it  is)  with 
the  former  genus ;  but  necessarily  the  determination  is  not  satis- 
factory with  such  a  minute  test-less  cast. 

6.  Entomis  oaloabata  (Richter).    Plate  IX.  Figs.  9a,  95,  and  10 

(injured  behind). 
Length,  ifg  and  ^  inch. 

.Another  of  M.  Hichter's  specimens  is  a  small  piece  of  dark-grey 
Devonian  Limestone  from  Thuringia,  containing  (besides  fragments 
of  Cardtola  ?  and  Tentaculitea)  two  minute  valves,  one  right  and 
one  left ;  oblong,  boldly  rounded  at  one  end  (posterior)  ;  and 
Toanded,  notched,  and  armed  with  a  prow  at  the  other  (Fig.  9). 
There  is  especially  to  be  noticed  in  each  valve  a  curved  sulcus, 
starting  from  the  middle  of  the  straight  dorsal  edge,  and  bending 
round  towards  the  antero- ventral  projecting  spur  or  prow. 

These  are  labelled  "  C.  calcarata/'  and  they  bear  some  re- 
semblance to  the  figures  of  Cypridina  calcarata,  Bichter,  in  the 
Zeitsch.  der  d.  geol.  Gesellsch.'  1869,  p.  771,  pi.  21,  figs.  3-5.  A 
second  spur  may  have  projected  from  the  postero-dorsal  quarter  of 
the  valve  (diagonally  opposite  to  the  prow),  where  a  mark  for  its 
base  remains  in  our  Fig.  9a ;  and  with  this  there  would  be  a  closer 
resemblance  to  Eichter's  figures. 

Possibly  a  reference  of  these  specimens  to  Entomia,  on  account 
of  the  nuchal  furrow,  will  be  correct.  We  have  another  spiked  or 
armed  Entomis  (E.  acictdataf  Jones,  Geol.  Mao.  Dec.  IL  Vol.  I.  p. 
511,  Fig.  4,  woodcut),  but  the  shape  and  the  spur  differ  from  those 
of  E.  calcarata. 

On  a  piece  of  greenish,  fine-grained,  Devonian  schist,  from 
Thuringia,  with  numerous  variously  squeezed  individuals  of  Entomis 
gyrata  and  serrato-striata,  are  two  small  oblong  casts  of  E.  calcarata, 
which  approximate  to  the  foregoing,  but  are  not  quite  so  minute, 
and  have  both  of  the  lobes  and  the  dorsal  angles  more  pronounced  ; 
the  front  lobe,  also,  bears  some  obscure  sculpturing  above  the  prow. 
The  specimen  given  in  Fig.  10  was  at  first  thought  to  be  of  a  different 
kind  (with  two  furrows),  but  the  hinder  lobe  has  been  partly  over- 
lapped by  a  portion  of  another  valve,  and  the  apparently  hindermost 
lobe  is  adventitious. 

8.  Primitia  aumata  (Richter?).     Plate  IX.  Figs,  lla,  116. 

Length,  ];^  of  an  inch. 
M.  Bichter  also  sent  for  examination  in  1874,  together  with  the 
so-called  "Cypridinaa"  {Entomides)  of  Thuringia,  two  small  pieces 
of  dark   clay-schist  bearing  two  internal  casts  and  one  external 

*  **  jS.  doriolii  "  is  from  the  Upper- Devonian  schists  of  Thuringia. 

'  Richter  refers  also  to  the  **iJeitrag  z.  Palaont.  des  Thuringer-Waldes,**  von 
K.  Richter  and  F.  Unger,  1856,  p.  37,  pi.  2,  ligs.  36-38  (Denkschr.  math.-nat.  CI. 
k.  Akad.  Wien,  vol.  xi.). 
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mould  of  the  little  farm  here  Bgured  {Fig.  11).  The  valves  are 
LeparJitioiil  in  shape  and  broadly  fabiforin.  The  liitige-line  is 
Btraigbt  and  slopea  away  with  a  sudden  flattish  curve  iu  front  and 
behind  (an  unfigured  spectmen  has  the  postero-dorsal  slope  rounder 
than  tliiit  in  Fig.  llo).  The  ventml  margin  is  boldly  convei,  but 
sloping  or  somewhat  flattened  at  its  anterior  third,  tlius  making  the 
front  end  of  the  valve  rather  sharper,  narrower,  or  more  tapering  than 
the  posterior.  The  surface  is  nearly  flat ;  but  it  baa  a  central  swell- 
ing, and  a  wetl'marked  tubercle  at  each  end,  near  the  middle  of  tlie 
anterior  and  posterior  borders,  respeotively.  In  one  specimen  the 
hinder  tubercle  Is  nearest  to  the  margin,  and  in  another  individual  the 
front  tubercle  is  closest  to  the  edge,  therefore  their  relative  posilimi 
was  liable  to  some  variation.  These  specimens  are  quite  unlike  the 
"  Beyrichia  ("!  Leperditia)  armala,  Zeitsch.  der  d.  geol.  Qeaellsch. 
XV."  [1863,  p.  e72,  pi.  19.  figs.  16-18],  to  whieh  my  friend  refers 
them  by  his  label,  and  which  appears  to  me,  judging  from  the  Sgurea, 
to  belong  to  the  genus  Ariilozae,  of  Barrande.  The  specimens  before 
me  are  oleariy  distinct,  and  are  featuro-ful  enough  to  deserve 
cataloguing  under  a  definite  name.  I  do  not  know,  however,  where 
to  place  tliem  among  known  forms  except  in  tlae  genns  A-inu'Iiu  ; 
and  the  name  P.  armnla  will  be  appropriiity.  whether  the  Ariato:oe{^) 
above  mentioned  was  intended  for  inference  or  not.  With  P.  armata 
numerous  Tentaeuiite*  ooour  in  this  Upper-Silurian  schbt  firom 
Thuringia. 

9.  Pbihitia  ?  OTLiNDRioA  (Richter) ;  and  another  orgBoisni. 

Two  little  pieces  of  dark-grey  Upper-Silurian  schist,  accompany- 
ing those  above  mentioned  from  Thuringia  in  1871,  bmr  some  very 
small,  Bubovate,  internal  oasts,  labelled  "  Beyrichia  tvbojlindriea, 
ZeiUch.  der  d.  geol.  Gesellsch.  xv.  and  zvii."  At  first  sight  these 
look  like  granulated  and  qiined  valves  of  some  small  Cypridiform 
Entomostracon ;  but  iu  one  of  the  specimens  the  little  processes  are 
seen  to  bo  oylindrioal,  and  to  pass  from  the  convex  cast  across  a 
narrow  intervening  space  into  the  surrounding  matrix ;  and  there- 
lore  they  must  be  casts  of  cylindrical  tubes  in  some  investing  shell 
or  test,  different  from  that  of  the  EnComostraoa.  Moreover,  both  the 
processes  and  the  granulation  caused  by  thrar  broken  bases  are  too 
coarse  for  the  ornament  of  such  valves. 

There  are  also  some  minute,  smooth  oasts  of  obscure  valves,  and 
many  crushed  tubes  (minute  Pteropodaf),  on  this  schist  These 
smooth  valves  may  belong  to  Pritnilia,  corresponding  with  Bicbter's 
smooth  variety  of  his  B.  cylindrica  from  the  Nereiten-Scbiefer  (Zeitsch, 
a.  d.  geol.  Ges.  vol.  xv.  p.  671,  pi.  19,  figs.  13,  14)  ;  whilst  hi» 
priokly  variety  (I.e.  fig.  12,  and  vol.  xvii.  p.  365,  pi.  10,  fig.  7)  is, 
acoocding  to  my  view,  a  totally  different  oiganiam. 

10-13.  BxTBiOHiA  (Silurian)  fboh  Thubinoia.    Plate  X.  Figs.  1-6. 
These  are  oasts  of  Beyrichia  from  the  Upper-Silurian  sohieta  of 
Thuringia,  given  to  tae  by  U.  B.  Biohter,  of  Saalfeld,  in  1857. 
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10.  Fig.  1  is  the  ordinary  variety  of  Beyrichia  Kloedeni,  M'Coy; 
such  as  is  shown  in  the  ''Mem.  Oeol.  Sarv."  vol.  ii.  part  i. 
pi.  8,  figs.  17  and  18 ;  and  ''  Ann.  Nat  Hist"  series  2,  vol.  xvi. 
pi.  6,  fig.  7.     Bight  valve.    Length  A  inch. 

10^.  Fig.  2  seems  to  be  a  right  valve  of  B,  Kloedeni,  shortened 
by  pressure.  Length  A  inch. 
In  the  "Zeitsch.  d.  d.  geol.  Ges."  xv.  p.  671,  pi.  19,  figs.  7-11, 
and  vol.  xvii.  p.  864,  pi.  10,  fig.  6,  M.  Hiohter  has  described  and 
figured  Beyrichia  Kloedeni  as  plentiful  in  the  Upper-Silurian  con- 
glomerate and  Nereiten-Schiefer  of  Thuringia.  This  appears  to  me 
to  be  J?.  Kloedeni,  var.  iorosa  (A.  N.  H.  2,  xvi.  p.  167,  pi.  6,  fig.  11). 

11.  Fig.  3  is  B,  Wtlckensiana,  Jones  (op.  dL  p.  89,  pi.  5,  figs.  18-20). 
Bight  valve.     Length  ^  inch. 

12.  Fig.  4  is  an  obscure  cast  of  the  right  valve  of  a  Beyrichia  closely 
allied,  apparently,  to  B,  affinis,  Jones  {op,  cit,  p.  170,  pi.  6,  fig.  16). 
Length  -^  inch. 

13.  Fig.  5  is  a  cast  of  a  right  valve,  having  an  approximate  re- 
semblance to  B,  intermedia,  J.  and  H.  (Ann.  N.  H.  ser.  4,  vol.  iii. 
p.  218,  pi.  16,  fig.  7;  and  vol.  xv.  p.  66,  pi.  6,  fig.  11),  from 
the  Upper  Silurian  of  England  and  the  Carboniferous  of  Bussia. 
Length  ^  inch. 

11^.  Fig.  6  appears  to  be  a  large  B,  Wilckensiana  (left  valve), 
obliquely  squeezed.     Length  -fy  inch. 

14.  Bbtbiohia  Hollii,  sp.  nov.     Plate  X.  Fig.  7. 

Length,  ^  inch. 

This  Beyrichia,  represented  by  a  small  cast  (in  pyrites)  of  the 
inside  of  a  left  valve,  has  very  much  of  the  aspect  of  B.  intermedia, 
J.  and  H.,  mentioned  above,  but  it  is  less  truly  semicircular,  being 
contracted  towards  one  end  (anterior) ;  it  has  a  broader  marginal 
rim ;  the  valleys  dividing  the  lobes,  though  confined  to  the  dorsal 
region,  are  less  symmetrical ;  and  the  prominent  lobe  does  not 
appear  to  be  the  central,  but  the  posterior  lobe.  In  this  last  point, 
however,  there  is  some  obscurity,  on  account  of  the  valve  having 
been  somewhat  crushed  at  the  posterior  third.  These  differences 
demand  a  nominal  separation  of  this  from  the  allied  species,  and  I 
name  it  after  its  discoverer,  Dr.  H.  B.  Holl,  F.G.S.,  who  on  this  and 
other  occasions  has  kindly  co-operated  with  me  in  working  out  the 
PalsBOzoic  Bivalved  Entomostraca. 

Dr.  Holl  discovered  this  unique  specimen  in  MensBvian  flags  from 
St  Davids,  in  1866.  It  was  associated  with  Frotospongia  fenestrata,^ 
Salter,  and  therefore  belongs  probably  to  the  horizon  of  Paradoxides 
Davidis,  rather  above  the  Middle  MensBvian  flags  of  Dr.  Hicks's 
classification. 

In  the  far-remote  Menaevian  Period  there  were  Bivalved  Ento- 
mostraca, small,  but  of  much  interest,  especially  as  being  the  oldest 
that  we  yet  know. 

1.  Entomidella  buprestit  (Salter).     *' Lower  and  Middle  Mena)yian,*'  A.  N.  H.  ser. 
4,  vol.  xi.  p.  417. 

1  Quart.  Joum.  Oeol.  Soc.  vol.  xx.  p.  238,  and  xxvii.  p.  401. 
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3.  Primilia  Sattmti;  Jonea,     "  Middle  MenKvian,"  or  rather  Ufcber.     Aon.  X-  0. 
Mr.  2,  Tol.  irii.  p.  Bfi,  pi.  T,  fie-  16 ;  ser.  4,  vol.  ii.  p.  66 ;  uid  toI.  iii.  p.  223. 

3.  Ltptrd-Utt  Bixktii,  Jones.    "Middle  Menoian."  (l.l.G.9,.  uriii.  p.  IS3,  pi.  7, 

flg.  16  (bad).    Thie  willlw  flgiu«d  Ei^iu  in  s  foithcoming  paper. 

4.  Bf-iricltia  Bellii,  Jonea.     "  Middle  MentPiiaa."     See  aboie.' 

The  close  ftUiance  of  B.  inli-rmedia  to  the  last-mentioned  nmy  be 
an  iliustrntion  of  alamsm.  The  re-occuirenoe  of  these  lower  kinds 
of  organisms  in  Upper  Silurian,  after  the  Cambrian  anil  the  Lower 
Silurian,  ta  not  strange  ;  and  we  know  of  the  re-o«x:urrenca  of 
Upper-SUurian  Entomostracan  species  in  the  Carboniferous  strata, — 
for  instance,  B.  inUrmedia,  as  mentioned  above,  and  the  apparently 
Carboniferous  species  enumerated  in  the  notice  of  Mr.  J.  Smith's 
wnshiugs  (Gkol.  M\a.  Dec.  II.  Vol.  VIII.  p.  75).  and  known  also 
in  Mr.  G.  R.  Vine's  collection  from  Mr.  George  Maw's  washings  of 
the  Upper  Silurian  shales. 

15.  Betbiohia  tcbkroblata  (Kloeden).     Plato  X.  Figs.  8,  9,  10.       j 
Lca)(tb,  ^  aud  i  iach. 
In  his  papers  on  the  Geology  of  Arisaig,  Nota  Scotia,  read  before  the    j 
Geol.  Soc. Lond.|in  1864 and  ia70, the Eev. Prof. D. Honey man,D.aL.,' 
referred  to  some  Upper -Silurian    Entomostraca  from  that  district. 
At  p.  344,  Q.J.G.S.  vol.  xx.  they  were  quoted  aa  Beyriehia  puttvtota, 
Hall ;  B.  aquilalera,  Hall,  Beynekia,  2  spp.,  and  Leperditia  aimutia. 
Hall.      Some  specimens  from  Arisaig  left  with  me  by  my  friend 
Dr.    Honeyman  in    1862    for  examination  were  described    in    the 
Q.  J.  Q.  8.  vol.  zxvi.  p.  492,  aa  being  Beyriehia  tuberadata  (Kloe- 
den) ;  B.  Wilekengiana,  Jones ;  B,  Maeeoyiana,  Jones ;   and  Primitia 
concinna  (?),  Jones.      There  are  also  other  Primitim  associated  Trith 
tlie  foregoing.     One  resembles  P.  oeata,  J.  and  H.    They  oocnr  more 
or  less  abundantly  in  a  highly  fossiliferons  dark-grey  limestone. 

Fig.  8  is  an  inside  cast  of  a  right  valve,  devoid  of  the  teat ;  the 
main  lobe  and  the  postero-dorsal  angle  are  broken,    fig.  9  shows  a 

Eerfect  left  valve ;  and  Fig.  10,  a  fine  right  valve,  still  partly  im- 
added  in  the  matrix  along  the  dorsal  edge  la  the  latter  the  anterior 
lobe  is  not  divided  into  two  as  it  usually  is. 

Probably  these  specimens  may  be  the  same  as  the  form  described 
bj-  Prof.  James  Hall  and  Principal  Dawson  as  B.  puittdota.  Hall 
("  Canadian  Nat.  and  Geol."  vol.  v.  p.  158,  fig.  19,  woodcut ;  and . 
"Acadian  Geol."  2nd  edition,  p.  608,  fig.  216,  woodcut) ;  but  I  find 
no  essential  difference  between  the  very  fine  large  apecimene  before 
me  and  the  Scandinavian  specimens  of  B.  tuberadata  described  and 
figured  in  the  "  Ann.  K.  Hist"  ser.  2,  vol.  zvi.  p.  86,  pi.  5,  figs.  4-9. 

'  Some  ottier  MeosTtaa  fossils  hate  been  referred  vitli  donbt  In  EDtomoetnua, 
amaeij ,  Lrperdiiia  t  vtxale,  Hicke.  "  Lower  and  Middle  Menieviaii."  1  think  thu 
to  be  a  portionof  a  larral  Trilobite.  Leperditia  f  Cambrentit,  Hicka.  "  Red  shalH 
of  the  LoDgmjnd"  group.  This  wcnu  to  me  to  be  quite  indeterminable  at  pre- 
sent.    See  Q.J.6.S.  iivii.  p.  396,  and  iiriiL  p.  184. 

'  Fellow  of  the  Uiiiveraitj  of  Halifai,  Curator  of  the  ProTincial  Mnsenm,  Pro- 
vincial Geologist,  and  I'rofeceor  of  Geologf  to  Dalhausie  College  and  UniTeni^i 
Halifax,  Kota- Scotia. 
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16.  Bktbiohia  Eloeueni,  M'Coy,  var.  antiquata,  Jones. 

Plate  X.  Fig.  11. 

Length,  ^  inch. 
This  fine  specimen,  in  Lower-Ludlow  Limestone,  collected  by  the 
late  Henry  Adrian  Wyatt-Edgell  ^  at  Leintwardine,  near  Ladlow, 
and  sent  to  me  for  examination,  soon  after  his  leaving  the  Eoyal 
Military  College,  and  not  long  before  his  lamented  death,  is  a  large 
individual  of  B,  Kloedeni,  var.  antiquata,  retaining  a  portion  only  of 
the  test.  This  variety  was  previously  known  from  the  Wenlock 
schists  of  Montgomery.  See  "  Ann  N.  Hist"  ser.  2,  vol.  xvi.  p.  167, 
pL  6,  fig.  8.  It  has  also  been  met  with  at  Blaeberry  Bum,  Logon- 
water,  Lesmahago ;   and  at  Kington,  near  Ludlow. 

17.  Bkyriohia  Kloedeni,  M*Coy.     Plate  X.  Figs.  12,  13. 

Length,  ifg  and  ^  inch. 

Fig.  12  shows  the  inside  cast  of  a  small  left  valve  of  B,  Kloedeni^ 
in  a  reddish,  sandy,  fossiliferous  mudstone  from  the  Upper  Llando- 
very beds  at  Howler's  Heath,  near  Malvern.  Collected  by  the  late 
H.  A.  Wyatt-Edgell,  and  sent  to  me  with  the  above. 

Fig.  13  is  a  very  fine  and  well-preserved  right  valve,  with  a 
granulated  surface,  from  the  Wenlock  Limestone  of  Benthall  Edge, 
Shropshire.  It  is  the  form  described  and  figured  by  Mr.  Salter  as 
B.  tuberctdafa  (but  it  is  not  Kloeden's  Batius  tuberculatM)  in  the 
•*  Memoirs  Geol.  Survey,"  vol.  ii.  part  1,  p.  352,  pi.  8,  fig.  14.  This 
I  now  refer  to  as  Beyricliia  Kloedeni^  M'Coy,  var.  tuber ctdaia  (the 
"  granulated  "  variety  in  **  Ann.  N.  Hist."  ser.  2,  vol.  xvi.  p.  166, 
pi.  6,  fig.  9). 

Owing  to  the  full  growth  of  advanced  age  the  front  and  hind  lobes 
are  not  so  distinct  in  this  specimen  as  in  the  Fig.  9  just  referred  to, 
nor  as  in  Figs.  1  and  12  of  our  present  Plate.  The^e  conditions  are 
found  frequently  to  occur  among  the  somewhat  variable  group 
typified  by  B,  Kloedeni,  M*Coy. 

Note  on  the  Stnonymt  of  the  Chief  Forms  of  British  Beyrichia  Kloedeni. 

I.  Beyrichia  Kloedeni  typica. 

Beyrichia  Kloedeni.  M'Coy,   Synops.  Sil.  Fobs.  Ireland,  1846,  p.  58,  woodcuts. 
„  ,,  ,,         Brit.  Pal.  Foss.  Cambridge,  1861,  part  2,  fasc.  1. 

p.  136,  pi.  1  E.  fig.  2. 

gibba,  Salter,  Mem.  Geol.  Surv.  1848,  vol.  ii.  part  1,  p.  352  {^ibbosa 
at  p.  234),  pi.  8,  figs.  17,  18. 

Kloedeni,  Jones,  Ann.  N.  Hist.  1865,  ser.  2,  vol.  xvi.  p.  166,  pi.  6, 
fig.  7  (smooth  valve);  Pal.  Biv.  Entom.,  Geol.  Assoc.  1869,  pp.  U 
and  14,  figs.  6a,  66. 

II.  B.  Kloedeni,  var.  tuberoulata  [Sow.  or  Salter]. 

Agnoatus  tuberculatm,  Sow.  or  Salter,  in  Murchison*s  Sil.  Syst.  1839,  p.  604, 
pi.  3,  fig.  17.     Not  Kloeden^s  Battus  tuberculatus, 

Beyrichia  tubtrculata,  Salter,  Mem.  Geol.  Surv.  1848,  vol.  ii.  part  1,  p.  352,  pi. 
8,  figs.  14,  16.  (Fig.  14  has  the  same  form,  but  no  granulation,  and  may 
have  been  intended  for  an  internal  smooth  cast  of  a  tuberculate  valve.) 

^  This  promising  young  officer  of  the  69th,  and  subsequently  of  the  13th  Begt., 
died  at  Beliast  in  1866. 
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I.  les,  pi.  6, 6 
111.  Other  vftrieticB : — 

B.  Klobsbni,  mr.  ontiqitita,  Jodm.  Ann.  N.  H.  lae.eii.  fig.  8;  P»l.  Bit.  Ent. 
Geol.  Assoc.  1869,  pp.  12  and  U,  "      " 
,,  lut.  pouprrala,  Joan,  Geol.  A 

„  ,,     iWcrntH/in,  JoDe>,  /ill'.  ft_ 

„  „     lubtorotm,  Jones,  Ibid.  lig.  10. 

„  „     tnrMO,  Jonea,  A.N.H.  I.e.  figs.  10  and  11, 13  (f) ;  Geol.  Assoc. 

i.e.  Hg.  II. 

14.  Bbyeiohia  OoLWiixBNSia,  Holl,  MS.  Plata  X.  Figs.  14a.  14i. 
Lent''^,  {V  of  an  inch. 

Carapace  semi-corfate ;  length  nearly  twioe  the  depth.  Dorafll 
margin  straight ;  ventral  margin  obliquely  curved  ;  anterior  ex- 
tremity pointed ;  posterior  extremity  obliquely  rounded.  A  sharp 
)see'\  ostends  from  the  anterior  extremity  round  the  ventral  margin 
to  the  posterior  dorsal  angle ;  and  parallel  to  the  keel,  and  at  a 
short  distance  from  it,  there  is  a  sharp  rim,  which  exttrnds  from  one 
dorsiil  angle  to  ibe  other.  Bolween  thi.t  rim  and  tli.?  keel  there  is 
a  narrow  groove,  which  is  broadest  at  the  postero-ventral  curve,  and 
narrows  towards  each  angle.  The  lateral  surfaces  are  divided  mid- 
way between  the  two  extremities  by  a  broad,  rather  shallow,  aniens, 
which  extends  from  near  the  dorsal  line  half-way  aoroas  the  valve, 
and  is  bordered  on  either  side  by  an  oval  lobe ;  the  ventral  ez- 
tremitiea  of  which  are  connected  by  a  cnrved  ridge,  forming  a  horse- 
shoe-shaped  elevation,  from  whioh  the  sidee  slope  gradually  towards 
the  mai^nal  rim. 

Length,  iSJo  ;  depth,  rSfir  of  an  inch. 

Only  two  examples  of  this  species  have  been  met  with :  the  one 
that  is  figured,  and  a  small  (young)  individual,  having  the  same 
characters. 

B.  ColviaUennt  was  found  by  Dr.  H.  B.  HoU,  F.G.B.,  in  the  shaley 
bands  interstratified  with  the  Woolhope  Limestone  in  a  quarry  below 
the  Wych,  Malvern,  in  the  hamlet  and  parish  of  Col  wall,  whence  the 
name  of  this  new  species. 

EXPLANATION  OF  PLATES  IX.  jkb  X. 
PLATE  IX.  (Figs.  1-fi  ara  &om  tlis  Middle- DeTonion  limestone  of  LnmmatoD, 

near  Torquay.) 

FiQ.  l.—Cyprotina  Whidiamii,  Jones,  noT.     RiEht  valve.    Maenified  2  diameten. 

The  anlcro-dorsal  edge,  inclndiDg  the  beak,  is  broken  in  the  original 

and  not  fuUr  restored  io  the  finuea  la  and  U.     The  little  nick  at  the 

poeterioi  end,  caused  by  a  digbt  crush,  was  at  first  mistaken  for  the 

a.  Lateral ;  h.  dorsst ;  e.  poeterior  view.     The  little  nick  here  is  a  fractnrs, 
not  the  trace  of  a  beak. 
,,    2. — C.  W/iidiomti,  J  oats,  nor.    Anterior  moiety  of  a  left  valve,  with  beak  and 
ranscle-root  well  pruaerved,    Hamral  sUe. 
a.  Lateral ;  i.  anterior  view. 
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Fio.  3. — C,  Whidbomeij  Jones,  nor.    Left  valve;  imperfect  in  the  dorsal  region, 
and  somewhat  crushed  at  the  ventral  sulcus.    Natural  size. 
a.  Lateral ;   b,  ventral  ;    e,  anterior  view.     The  antero-ventral  edge  acci- 
dentally protrudes  in  Zb, 
9»    4. — Poly  cope  iJevoniea^  Jones,  nov.     Left  valve.     The  upper  (dorsal)  edge 
should  he  rather  less  convex  in  outline.    Magn.  2  diam. 
a.  Lateral ;  b,  ventral ;  e.  anterior  view. 
,,     5. — Cypratina  Wkidbormif  Jonm^nov,    Right  valve.    Nat.  size.    The  muscle- 
spot  is  present,  though  obscure,  at  the  top  of  the  ventral  sulcus. 
«.  Lateral ;  b.  dorsal ;  e.  posterior  view. 
,»    6. — Vyprotit  Maswellii,  Jones,  nov.    Left  valve.    Nat.  size.     From  the  Upper 
Silurian  of  the  Pentland  Hills. 
a.  Lateral ;  b.  ventral  view. 
„     7 — Cypridina  P  Internal  cast  of  a  right  valve.    Magn.  about  4  diam.     From  a 
pebble  of  Palseozoic  quartzite  in  the  Triassic  Conglomerate  of  Budleigh- 
Salterton,  Devon. 
a.  Lateral ;  b.  dorsal  view. 
,,     8. — Leptrditia  ?  darsalU  (Richter).   Inner  east  of  a  right  valve.    Magn.  25  diam. 
From  the  Upper  Devonian  of  Thuringia. 
a.  Lateral ;  b,  ventral  view. 
yy    9.  —Enlomit  ealcarata  ^Richter).     Inner  east  of  a  left  valve.     Magn.  25  diam. 
From  the  Devonian  Limestone  of  Thuringia. 
a.  Lateral ;  b,  ventral  view. 
y,    10. — E.  eatearata  (Richter).    Lateral  view  of  an  internal  cast  of  a  left  valve, 
injured  behind  and  overlapped  by  part  of  another  valve.   Magn.  25  diam. 
In  Devonian  schist,  with  other  EntomitU*^  Thuringia. 
,,    11. — Frimitia  armnta  (Richter  ?).     Inside  cast  of  a  left  valve.    Magn.  25  diam. 
In  Upper  Silurian  schist,,  with  Tentaculitee,  from  the  Thiiringerwald. 
a.  Lateral ;   b,  dorsal  view. 

PLATE   X.     Figs.    1-6.     Upper  Silurian   Beyriehia  from  the  Thiiringerwald. 

Magnified  4  diameters. 
Fio.  1. — Beyriehia  Kloedeniy  M*Coy.     Gutta-percha  mould  of  a  hollow  impression 
(external  cast)  of  a  right  valve. 
,,      2. — B.  Kiotdftti.     Intermal  cast  of  a  right  valve,  shortened  by  having  been 

squeezed  endwise. 
,,      3. — B,  H^ilckensiana^  Jones.     Inside  cast  of  a  right  valve. 

a.  Lateral ;   b.  ventral  view. 
,,      4. — B.  aji/tis  (.''),  Jones.     Inside  cast  of  a  right  valve, 
,,      6. — B.  intermedia  (.^),  Jones  and  Holl.     Inside  cast  of  a  riffht  (?)  valve. 
,,      6. — B.  Wtlcktn»iana  P     Inside  cast  of  a  left  valve,  obliquely  squeezed. 
„     7. — B.  Holiii,  Jones,  nov,     Pyritous  internal  cast  of  the  left  valve.     Magn. 

23  diam.     From  the  Menawian  flags  of  St.  Davids,  South  Wales. 
,,      8. — B.  tubereulata  (Kloeden).     Internal  cast  of  right  valve,  imperfect  at  the 
antero-dor^l  corner  and  at  the  posterior  lobe.     Magn.  11  diam.     Upper 
Silurian  limestone ;    Arisaig,  Nova-Scotia. 
9. — B.  tubereulata  (Kloeden).    Left  valve,  well  preserved.     Magn.  11  diam. 

Arisaig. 
10. — B.  tubereulata  (Kloeden).     Right  valve;   partly  imbedded  along  dorsal 

edge.    Magn.  11  diam.    Arisaig. 
11. — B.  K/oedeniy  M'Coy,  var.  antiquala^  Jones.     Cast  of  right  valve,  with 
a  remnant  5)f  the  prickly  margin  of  the  smooth  shell.     Magn.  11  diam. 
Ludlow  beds  of  the  Upper  Silurian ;   Leintwardine,  Shropshire. 
12. — B.  Kloedeni,     Internal  cast  of  a  small  left  valve.      Magn.   23  diam. 

Upper  Llandovery  beds ;   Howler's  Heath,  Malvern. 
13.  B,  Kloedeni,  var.  tubereulata  (Salter).     Larffe  right  valve,  well  preserved. 
Magn.  23  diam.     Wenlock  Limestone  ;   Benthall  Edge. 
a.  Lateral ;   b,  ventral  view. 
14.—^.  ColtpalletisiSy  Holl  MS.  nov.     Right  valve.    Magn.  20  diam.    Wool- 
hope  shale ;   near  Malvern. 
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3J8  Dr.  C.  Cnllmray—On  the  Archaan  Rocks. 

n. — Hov  TO  Work  ih  thk  Abohsah  Hocks. 
By  C.  CiiiAWAY,  M.A.,  D.Sc.  (Loud.),  F.G.8. 

THE  Arcliieau  {Pre- Cumbrian)  rocks  of  Britain  have  of  Ule  years 
receivBd  considerable  attention,  owing  partly  to  the  more  or 
less  couiplele  working  out  of  the  younger  groups,  and  i>artly, 
perhaps,  to  the  fascinulion  which  attends  a  study  of  peculiar  com- 
plexity. Whatever  interest  attaches  to  the  correlation  of  formations 
which  can  be  easily  identified  by  their  organic  remains,  or  whiL'h 
can  be  traced  serosa  country  for  aoores  of  miles  in  unbroken  lines, 
it  wil!  be  readily  understood  that  the  spirit  of  inquiry  will  be 
Btrongly  piqued  when  it  is  challenged  to  cotiatruct  orderly  systems 
out  of  rock-masses  to  wbieh  the  ordinary  tests  can  he  bat  partially 
applied.  Yet  much  has  been  done  towards  the  establisbment  of  a 
siicccflsion  amongHt  these  ancient  groups.  In  America,  Dr.  Sterry 
Hunt  describes  six  distinct  systems.  These,  taken  in  desceuding 
order,  ore  the  following  : — 

I.  Eni-f/nian,  ur  T'^ppfr-bcnriTi^'  neuoa  at  Lake  Superior.   ^E^E^^^H 
II.  Taamim.    Pethap*  the  ume  u  I. 
III.  MonttlhBB,  or  Mica-Khirt  series. 
IV.  Svronian,  or  Oreen  MoDnCain  nries. 

V.  Norian,  or  I^bradoriam. 
TI.  LauTtntian. 

Some  of  these  groups  Kre  undoubtedly  established,  while  others 
are  not  undisputed ;  but  should  this  sucoeseion,  or  the  major  part  of 
it,  be  ultimately  received,  it  is  evident  that  we  shall  have,  under- 
lying the  "  bottom  rocks  "  of  Uurchison,  a  group  of  rock  systems  of 
at  least  equal  value  to  any  of  the  three  great  divisions : — Palieozoic, 
Kesozoio,  and  Cainozoio. 

llie  study  of  these  old  groups  has  also  made  considerable  progress 
in  the  British  Islands.  Murchison  recognized  the  Laurentian  in  the 
great  gneiss  series  of  the  Hebrides  and  the  north-western  Highlands, 
and  Dr.  Holl  claims  the  same  antiquity  for  the  metamorphio  ridge 
of  the  Malvern  Hills;  but  the  discoveries  of  Mr.  Salter  and  iSr. 
Hicks  at  St.  Davids  have  given  the  chief  stimulus  to  these  investj- 
gations.  The  two  reoogniied  formations  worked  out  by  Dr.  Hicks, 
the  Dimetian  and  the  Pehidian,  furnish  us  with  a  clue  to  tmravel  the 
complexities  of  some  other  districts.  The  probable  equivalents  of 
these  groups  have  been  identi£ed  in  Caernarvonshire.  Anglesey  is 
mainly  occupied  by  two  Arcbtean  series,  one  of  which  is  clearly 
Pebidian,  while  the  other,  a  great  gneissic  formation,  may  possibly 
be  Dimetian.  The  Malvern  gneiss  group  has  been  identified  in  the 
Wrekin,  while  the  same  mountain  and  many  other  Shropshire  hills 
are  mainly  built  up  of  bedded  lavas  and  ashes  which  may  be 
Pebidian,  and  are  certainly  Archtean.  Pebidian  rocks  occur  in  the 
Herefordshire  Beacon,  near  Malvern ;  and  the  Charnwood  slaty 
Beries  probably  belongs  to  the  same  group. 

The  difficulties  attending  these  investigations  are  so  g;reat  that 
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some  of  the  older  geologists  have  expressed  much  sceptioism  on  the 
possibility  of  arriving  at  satisfactory  conclusions.     At  the  outset  we 
are  met  by  the  almost  entire  absence  of  fossils.    In  the  British 
Islands  not  a  single  organism,   or  trace  of  organism,   has  been 
detected  in  undoubted  Archaean  rocks.     Besides  this,  the  excessive 
contortion  which  many  of  these  ancient  deposits  have  undergone  has 
sometimes  proceeded  so  far  as  to  invert  the  succession,  the  older 
rocks  overlying  the  younger.     In  some  cases  metamorphism  hns 
been  so  extensive  as  to  entirely  obliterate  all  trace  of  bedding.     To 
crown  all,  Archsoan  districts  are  usually  shattered  by  faults,  frag- 
ments of  various  formations  being  thrown  together  in  the  wildest 
confusion,  as  if  the  mythical  giants  who  heaped  Pelion  and  Ossa  on 
Olympus  had  been  playing  at  bowls  with  torn -up  fragments  of  the 
earth's  pavement.      Notwithstanding  these  difficulties,  despair  of 
SQccess  would  be  fatal  to  scientific  progress,  and  what  has  been 
done  is  a  sufficient  encouragement  to  further  investigation.     It  is 
proposed  in  this   paper  to   examine  how  far  the  usual   tests  of 
geological  age  are  applicable  to  these  altered  and  broken  formations. 
The  evidence  of  organic  remains  is  usually  of  first  importance,  but 
here  it  is  rarely  applicable.    The  testimony  of  Eaeoon  Canadenne 
•will  of  course  occur  to  every  one.     But  here  we  are  met  by  two 
questions :   1.  *'  Is  Eozoon  oi^nic  ?  "     2.  ''  If  organic,  is  it  charac- 
teristic of  any  one  horizon?"     The  answer  to  the  first  question 
must  be,  in  the  writer's  opinion,  **  Not  proven."     The  most  eminent 
specialists  cannot  agree  in  their  conclusions.     Writer  after  writer 
arises  with  the  assured  conviction  that  he  has  settled  the  matter, 
yet  the  matter  refuses  to  be  settled.     Whatever  may  be  the  ultimate 
conclusion  of  science — if  such  a  goal  be  ever  reached — it  is  obvious 
that,  so  long  as  the  organic  nature  of  Eozoon  remains  undetermined, 
the  structure  can  possess  no  decisive  value  for  classificatory  purposes. 
But,  admitting  that  Eozoon  is  a  true  fossil,  is  it  characteristic  of  any 
one  epoch  ?    Is  it  Laurentian,  and  Laurentian  only  ?   The  researches 
of  American  geologists  tend  to  prove  that  such  is  not  the  case.     In 
Hastings  County,  Ontario,  is  a  great  series  of  ''slates,  quartzites, 
conglomerates,   and  limestones."      These   rocks   are    said   to   rest 
unconformably  upon  the   edges  of  both  the   Laurentian  and  the 
Huron ian,  and  the  conglomerates  contain  pebbles  supposed  to  be 
derived  from  those  formations.     In  the  upper  part  of  the  series  are 
**  fine-grained,  greyish,  more  or  less  schistose,  and  earthy  limestones, 
containing  Eozoon,'*     This  group  is  referred  to  the  Taconian,  one  of 
the  higher  Archsdan  formations.     This  succession  was  worked  out 
by  Mr.  Vennor,  and  adopted  by  Dr.  S terry  Hunt.     The  lithology  of 
the  rocks  is  widely  different  from  either  the  Laurentian  or  the 
Huronian,   and   there  seems  no   sufficient  reason  to  doubt  their 
posterior  age.     Accepting  this  view,  the  value  of  Eozoon  Canadense 
as  a  t^st  of  contemporaneity  is  at  once  destroyed.     The  late  Sir  R.  I. 
Murchison  felt  no  difficulty  in  admitting  that  the  fossil  might  even 
be  "Lower  Silurian."     When  it  was  announced  that  Eozoon  had 
been  found  in  the  serpentinous  marble  of  Conxiemara,  he  said : — 
«<Even  if  it  should  be  proved  that  the  foraminifer  is  present;  its 
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occurrence  would  in  uo  wise  nfieat  my  ooncIuBioa  that  the  rock  is 
Lower  Silurian."  "Crenturea  of  that  low  type  of  life  may  well 
have  lived  on  from  the  Laurentian  to  the  Luwer  Sihirian  epoch." 
Without  stretching  our  faith  quite  so  far,  we  may  readily  admit  that 
such  lowly  organisms  have  no  very  decisive  etratigraphioal  -value. 

Besides  Eozoon,  certaiu  other  traces  of  animal  life  hftvn  been 
quoted  from  Archcoan  qiiartzites  and  limestones.  They  are  generally 
tracks  or  perforations  such  as  may  have  been  made  by  worms 
crawling  over  the  suii'ace  of  sand  or  calcareous  mnd,  or  boring  for 
themselves  vertical  or  curved  barrows.  Such  evidencea  of  life  are 
found  abundantly  in  many  subsequent  formations,  and  they  do  not 
materially  differ  from  Ibe  tracks  and  burrows  which  abound  on  the 
sea-shore  at  the  present  day.  They  are  therefore  of  but  slight  value 
in  the  correlation  of  rock-groups. 

Wo  come  next  to  the  second  test  of  contemporaneity,  order  of  taper- 
position.  This  also  can  only  be  applied  in  some  cases.  Inveriion  is 
not  at  all  infrequent  in  tlmse  old  rooks.  The  beds  are  sometimes 
bent  up  into  a  series  of  folds,  compressed  so  closely  as  to  be  almost 
vertioal,  and  the  tops  of  the  arches  are  thrown  over  in  one  direction, 
BO  that  the  strata  seem  to  dip  regularly  to  the  same  point  of  the 
compass.  These  phenomena  are  sometimes  seen  in  Paleeozoic  oi 
even  NeoKoic  formalions,  but  they  are  much  more  common  in  tLa 
Archssan  f^oups.  In  the  United  States  large  tracts  of  country  are 
occupied  by  gneiss  with  a  prevailing  soutb-eatit  dip,  but  really  mada 
up  of  numerous  parnllet  folds  with  their  summits  thrown  over  to 
the  north-west.  11ie  contorted  schists  of  Anglesey  display  the  same 
phenomena.  In  the  ivgion  to  the  north-west  of  the  Menai  IStraits, 
tliese  repetitions  by  folding  falsely  suggest  n  givat  lliickness  of 
Btrata.  The  true  relations  of  the  beds  are  only  to  he  osoertained  by 
disentangling  tha  oomplioations.  The  k«y  to  the  solution  of  th« 
diffionlty  is  the  discovery  of  a  grey  gneiss  onderlying  the  prevailing 
dark  green  schist  of  the  district.  Ae  the  strata  roU  over,  the  grey 
band  is  here  and  there  broaght  up  to  the  surface,  flanked  on  eo^ 
side  by  the  green  schist,  which  is  seen  to  lie  on  the  gneiss  in  sharp 
synclinal  folds,  and  the  thickness,  whioh  is  not  great,  can  be  thus 
ascertained. 

Another  difficulty  in  the  application  of  the  superposition  teat 
ia  the  excessive  fauhiny  whioh  Arcbnan  rocka  have  Buffered.  In 
Borae  areas,  tlieee  old  formations  had  been  heavily  fraotared  even 
before  the  Cambrian  period,  and  they  have  of  oourse  been  expoaed 
to  all  the  dislocations  which  have  subsequently  rent  the  cruet  Those 
who  are  familiar  with  field-work  only  in  the  south  or  east  of  Eng* 
land  would  feel  strange  on  one  of  the  Archesan  battle-grounds,  whero 
fire  and  water  have  contended  which  should  most  effectually  remove 
the  traces  of  the  original  strnoture  of  the  rocks ;  but  the  tangled 
maze  of  faults  whioh  have  sliced  and  broken  the  crust  would  be 
found  the  greatest  stumbling-block  to  success.  At  St  Davids, 
happily,  the  Lower  Cambrian  rests  upon  the  nplnmed  edges  of  the 
Fehidian,  and  the  ArchieaD  age  of  the  latter  is  thus  distinctly  proved, 
but  such  dear  evidence  of  infrapositioii  is  rarely  to  be  obtained  in 
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thiH  oonntij.  In  tlie  Uolvenis,  the  Archnan  ridge  is  pushed  np  be- 
tween a  pair  of  faalta,  and  io  no  spot  do  the  Cambrian  or  Silurian 
rooks  olearly  rest  upon  the  older  series.  The  atruotnie  and  relations 
of  the  Wrekin  ia  Shropshire  are  similar.  In  Caemarvonshii-e, 
on  Llyn  Fadam,  near  Llsnberis,  Cambrian  conglomerates  are  in 
oontaot  with  an  older  group,  but  the  junction  appears  to  be  a  fault. 
Iq  Anglesey,  the  newer  Arehaan  aeries,  the  Pebidian,  is  faulted 
against  both  the  Cambrian  and  the  gneiss  group. 

Nowhere  will  the  student  who  is  fond  of  faults  find  a  happier 
hnnting-ground  than  in  Anglesey.  In  a  morning's  walk,  he  will 
probably  meet  with  more  dislocations  than  men.  The  Geological 
Survey  Map  displays  a  network  of  earth- fractures,  but  where  the 
surveyors  have  put  in  one,  they  have  eomettmes  oyetlooked  two. 
The  more  attentively  and  closely  the  ground  is  studied,  the  more 
frequently  do  faults  appear. 

The  difficulty  from  faulting  may  often  be  overcome  by  the 
following  method.  To  make  the  matter  clearer,  an  actual  example 
will  be  taken.     In  Central  Anglesey  there  is  a  band  of  granitoid 


Fia  1.  Section  in  Central  Anglesey,  ehowing  proof  of  the  gneijuii:  aucceniOD. 

a.  HiilltfiiDta,  I  i.  Gref  gneiss. 

b.  Quartz-achist.  t.  Green  schist, 
e.  LinuKtone.                      {                f.  Granitoid  took. 

J'l,^ 2,  Fault. 

rock  (/),  coloured  pink  on  tbs  Survey  Map,  passing  down  into  a 
dark-coloored  schist  (e),  which  rises  up  into  an  anticlinal  arch  (seen 
at  the  west  end  of  the  section.  Fig.  V),  throwing  off  the  granitoid  beds 
on  both  sides.  But  in  this  area  wc  can  find  no  strata  below  the 
schist,  and  when  we  follow  the  rocks  towards  either  the  west  or 
east,  we  come  to  a  fault  (Fl,  F2),  However,  on  searching  the  ground 
to  the  east,  we  light  upon  the  dark  schist,  forming  a  parallel  band 
about  two  miles  from  the  granitoid  zone.  Then  working  along  the 
sea-coast  to  the  west,  where  the  rocks  are  clearly  eipcsed  in  the 
clifis,  we  see  that  the  dark  beds  are  underlain  by  a  considerable 
thickness  of  grey  gneiss  (d),  under  which  is  a  thin  band  of  crystalline 
limestone  (c),  followed  in  succession  by  quartz-schist  (6),  and,  at 
the  base  of  the  section,  by  halleflinta  (a).  This  brings  us  back 
again  to  the  fault  {F2).  It  might  at  first  sight  seem  as  if  this  fault 
broke  the  aucoession,  and  that  it  was  useless  to  porgue  the  inquiry ; 
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but  sucli  &  oonclusion  would  be  ]>reuiature.  It  is  quite  clear  tbat 
the  diirk  schist  [e),  which  ia  found  lo  the  east  of  the  fault,  is  tha 
same  hand  as  that  which  underlies  the  granitoid  rock  (/)  in  the 
aniiclinal.  It  therefore  forms  a  link  connecting  the  two  areas,  and 
enables  ub  to  piece  together  the  rocks  on  each  side  of  the  fitult  into 
a  continuous  series,  a,  b,  e,  d,  t,  f.  In  other  parts  of  Anglesey  sections 
have  been  discovered  which  confirm  this  conclusion;  so  that  the 
gueissic  rocks  of  this  shattered  district,  instead  of  being  regarded 
as  a  confused  tangle  of  gnarled  schist,  are  reduced  to  an  orderly 
succession.  The  method,  then,  by  which  we  may  often,  obtain 
results  in  shattered  districts  is  : 
(1).  Ascertain  clearly  where  the  faults  lie. 
(2).  Find  out  the  succession  in  the  unfaalted  areas. 
(3),  Compare  the  unfaulted  areas.  If  one  or  mure  rook-groups  are 
common  to  two  or  more  areas,  a  satisfactory  result  may  often  be 
obtained. 

The  teat  by  inchided  fragmenit  is  of  limited  valiie.  It  simply 
proves  that  the  beds  containing  the  fragments  are  newer  than  the 
rock  which  supplied  the  fragments.  In  the  younger  formations  this 
test  is  altogether  subordinate  to  the  more  decisive  aiid  precise  testi- 
mony of  fossils,  but  where  fossils  are  wanting  it  is  often  of  great  use. 
If  we  found  two  formations  in  proximity,  one  a  quartzite  containing 
FerUamervt  oblongui,  and  the  other  a  shale  with  Anmonittt  bifrani, 
we  should  at  once  assign  the  groups  respectively  to  the  May  Hill 
Sandstone  and  the  Upper  Lias.  If  the  shale  contained  pebbles  of 
quartzite  resembling  the  Mm  Hill  quartzite,  we  should  hardly 
trouble  to  notioe  the  fact.  The  pebbles,  if  really  derived  from  tba 
Silurian  quartzite,  would  only  prove  that  the  shale  wm  of  any  age 
between  the  Silurian  and  the  Recent. 

In  studying  the  Arohsaan  rocks,  we  often  gain  a  great  point  if  we 
can  prove  that  one  group  ia  newer  than  another.  In  Shropshire  we 
have  two  striking  examples  of  the  value  of  the  teat  of  included 
fragments.  Bunning  through  the  heart  of  South  Shropshire  to  the 
south-west  is  a  broken  chaia  of  wedge-like  hills,  of  which  the 
Wrekin  and  Caer  Caradoo  are  the  most  prominent.  These  ridgea 
are  mainly  built  up  of  volcanic  ashes  and  lavas.  On  both  sides  they 
are  bounded  by  faults;  numerous  formations,  from  the  Lower 
Cambrian  to  the  Lower  Trias,  being  thrown  against  them.  The 
evidence  from  superposition  is  therefore  indecisive.  But  in  the 
Longmynd  (Lower  Cambrian)  hills,  we  find  massive  plum-coloured 
conglomerates  made  up  of  pebbles,  some  of  them  as  large  as  a  child's 
head,  most  of  which  are  a  purple  felstone  identical  in  character  with 
one  of  the  common  types  of  the  volcanic  series.  Plum-coloured  sand- 
stones overlie  and  underlie  the  conglomerates,  and  these  rocks  also 
are  made  up  chiefly  of  grains  of  the  same  felstone,  with  a  small 
proportion  of  quartz.  It  is  thus  evident  that  a  considerable  part  uf 
the  Lower  Cambrian  series  in  Shropshire  has  been  derived  from  the 
Wrekin  volcanic  group,  which  is  in  this  way  demonstrated  to  be 
Fre-Cambcian  or  Archean. 

The  second  example  is  of  equal  interest.     At  &e  south-westem 
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end  of  the  Wrekin  ridge  is  a  conical  elevation,  called  Primrose  Hill, 
composed  of  metamorphic  strata,  a  brick-i*ed  granitoid  rock,  com- 
posed mainly  of  red  felspar  and  qaartz,  interbedded  with  hom- 
blendic  gneiss  and  granulite,  being  the  pi'edominant  type.  These 
beds  dip  to  the  north-east,  and  seem  to  pass  unconformably  beneath 
the  Yolcanic  series  which  dips  to  the  north  ;  but  it  is  most  probable 
that  the  junction  is  a  fault ;  and  if  so,  we  have  no  evidence  at  this 
spot  of  the  relations  of  the  two  formations.  But  at  Charlton  Hill, 
aix>ut  two  miles  to  the  west,  the  most  satisfactory  proof  is  to  be 
found.  Striking  east  and  west  through  the  middle  of  the  hill,  and 
clearly  interbedded  with  tuffs  of  the  volcanic  series,  is  a  most 
interesting  conglomerate,  containing  pebbles  of  nearly  twenty  dif- 
ferent varieties  of  rocks,  chiefly  metamorphic.  Amongst  these 
are  all  the  prevailing  types  found  in  Primrose  Hill,  and  it  is  im- 
possible to  avoid  the  conclusion  that  the  conglomerate  was  derived 
from  a  metamorphic  group  of  which  Primrose  Hill  is  a  denuded 
fragment  Thus  the  existence  of  a  second  ArchsBan  system  in 
Shropshire  is  proved.  As  the  Primrose  Hill  beds  are  probably  the 
equivalents  of  the  Malvern  gneiss,  the  Shropshire  Archssan  volcanic 
series  is  brought  into  relation  with  that  group. 

Another  interesting  example  occurs  in  Anglesey.  The  con- 
glomerates which  lie  low  down  in  the  Cambrian  rooks  of  the  island, 
and  which,  by  their  fossils,  are  proved  to  be  of  Tremadoc  age,  are 
mainly  derived  from  two  older  formations,  the  gneissic  and  the 
slaty  series.  West  of  Llanfaelog.  these  conglomerates  are  associated 
with  fossiliferous  grits,  and  contain  pebbles  of  granitoidite,  and  of 
green  and  purple  slate,  with  other  types  common  in  the  two  altered 
series,  which  are  thus  shown  to  be  Archsean.  From  such  examples 
as  these  the  testimony  of  included  fragments  is  shown  to  be  of  great 
value  in  certain  cases. 

But  this  test  must  be  used  with  caution.  In  volcanic  formations, 
conglomerates  may  be  derived  from  lower  beds  of  the  same  series. 
If,  for  example,  a  stream  of  lava  from  Mount  iEtna  were  to  reach 
the  sea  and  become  consolidated,  the  waves  mi^ht  undermine  the 
newly-formed  rock,  break  up  the  fallen  fragments,  and  round  them 
into  pebbles.  Thus  a  shingle-bed  would  accumulate,  and  this  might, 
by  the  addition  of  cementing  matter,  become  a  conglomerate. 
Pebbles  of  quartz  or  any  other  rocks  which  were  in  the  vicinity 
might  be  mixed  up  with  the  lava  shingle.  If  the  volcano  grew,  tliis 
conglomerate  in  process  of  time  would  probably  be  covered  in  by 
new  lava-flows,  or  by  beds  of  ashes  ejected  from  the  crater.  Such 
conglomerates  occur  in  the  Wrekin  volcanic  series.  The  pebbles 
are  usually  a  purplish  felsite,  but  a  small  proportion  of  them  are  of 
quartz.  These  beds  are  obviously  produced  by  contemporaneous 
denudation,  and  the  included  fragments  of  lava  are  of  no  value  in 
classification. 

(To  be  concluded  in  our  next  Number,) 
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III. — On  thr  Occubrescb  op  llBa^cEttos  HiBEn.vjcus,  Owen,  ra  THi 
Anoibkt  Lacdstkine  Deposits  of  Ibbland;  wits  Bemabes  ob 
TBK  Probable  Aob  op  tukse  Beds. 

Bj-  W.  WlLLIAKB. 

TinE  old  lacustrine  deposits  of  Ireland  do  not  aeem  to  have 
ftttraoted  so  much  attention  from  geolojjists  as  they  desBrve. 
By  the  old  lacustrine  deposits,  we  understand  the  dried-up  lakes  at 
present  ocoupied  by  peat-bogs,  with  their  underiying  beds  of  marl 
Bud  clnys.  During  the  past  century  it  was  known  thM  in  these  hogs, 
or  in  the  niarl-beda  beneath  them,  were  found  antlera  and  bones  of 
a  gigantic  extinct  deer,  which  Professor  Owen  named  Mfgacf7v$ 
Bibemiau,  and  now  popularly  known  as  the  "  Ipsh  Elk," '  not  that 
it  was  exclusively  confined  to  Ireland,  its  remaiua  having  been  found 
in  England  and  Scinland,  also  in  France  and  Gennany,  and  it  ia 
even  i-eported  to  occur  in  caves  as  far  east  as  the  Altai  Mounbuns 

Much  of  the  information  we  have  on  the  unbjeet  is  oral  or  tra- 
ditional, having  been  obtained  from  peasant  labourers,  who  (especially 
in  llie  Co.  Limerick)  have  been  long  emjiloyed  to  collect  these  re- 
iiiaiiia  for  dealers ;  hence  our  knowledge  on  the  Hubject  is  vague,  and 
in  some  respects  inaccurate. 

We  are  told  that  the  bones  of  this  great  animal  are  found  in  the 
bogs  of  Ireland,  the  term  bog  being  generally  applied  to  our  peat 
deposits ;  but  as  far  as  I  know,  they  have  never  yet  been  actually 
found  in  peat.  They  are  always  found  in  the  beds  of  clay  or  marl 
which  underlie  the  peat.  By  some  it  has  been  supposed  to  have 
survived  almost  down  to  recent  times.  Thirty  years  ago  some 
Dublin  writers  even  asserted  that  it  was  one  of  the  domestic 
animals  of  the  ancient  Irish,  and  was  kept  to  give  milk.  Another 
idea  was  that,  because  its  bones  were  sometimes  found  in  consider- 
able quantities  in  small  lake-basins,  it  must  have  perished  in  herds. 
Again,  where  the  heads  of  these  animals  were  found  totally  detached 
from  the  bones,  it  was  inferred  that  the  bodies  had  been  eaten  by 
man,  and  the  beads  had  been  thrown  into  these  small  lakes,  where 
they  were  covered  up.  Or  at  the  time  these  bogs  were  marvhes,  it 
was  believed  that  the  animals  by  some  means  were  mired  in  them, 
and  dying,  their  bodies  sank  to  the  bottom. 

It  was  generally  supposed  that  the  animal  was  exterminated  by 
early  man.  This  may  have  been  so  on  the  Continent ;  but  if  it  can  be 
proved  that  climatic  changes  took  place  in  Ireland  so  as  to  render 
it  unfit  for  its  existence,  then  it  becomes  probable  that  change  of 
climate  was  the  cause  of  its  extinction  here.  Such  are  a  few  of  the 
Tague,  and  as  it  appears  to  me  erroneous,  ideas  entertained  on  the 
subject.  To  dissipate  these  and  to  establish  more  correct  conclusions 
is  the  object  of  this  paper. 

In  the  year  1S76  I  was  first  engaged  in  explorations.  My  object 
was  not    primarily  scientific    research.     Being  a  Natural  History 

■  Tlie  term  '■  Elk  "  is  calculated  to  mialesd,  as  it  is  not  an  Alcn  or  Elk  at  all, 
bat  a  true  Ctrmu.    "Gigantic  Iiish  Deer"  would  be  the  more  correct  name  for  it. 
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Preparator,  I  was  desirous  to  obtain  specimens  to  set  up  for  sale. 
But  I  was  further  desirous  to  know  something  of  the  cirourastanoes 
under  which  these  remains  were  found.  As  a  commercial  speculation 
my  work  was  successful.  Of  the  result  of  my  scientific  observations 
and  conclusions  others  must  judge.  In  the  years  1876-77  I  spent 
ten  weeks  excavating  Deer-remains  in  the  bog  of  Ballybetagh; 
subsequently  I  have  made  similar  excavations  in  the  counties  of 
Mayo,  Limerick,  and  Meath;  so  that  I  am  not  without  some  ex- 
perience in  this  matter. 

It  may  be  premised  that  these  peat-bogs  occupy  the  basins  of 
lakes,  the  deeper  hollows  of  which  have  long  since  been  silted  up 
with  marls,  clays,  and  sands,  and  on  this  silt  or  mud  the  plants 
which  produced  the  peat  grew.  I  find  a  general  resemblance  in  the 
order  of  succession  of  the  beds  in  all  the  bogs  I  have  examined  ; 
variations  in  the  infilling  materials  and  other  circumstances  wiJl 
account  for  any  local  diversity  that  may  exist  when  comparing  one 
locality  with  another. 

The  examination  of  these  deposits  is  of  interest  not  only  on 
account  of  the  remains  of  these  fine  animals  which  they  yield,  but 
also  because  I  believe  these  beds  afford  the  most  reliable  record  we 
have  of  the  changes  of  climate  that  have  occurred,  not  in  this  country 
alone,  but  also  over  the  whole  northern  hemisphere,  from  the  close 
of  the  great  Glacial  Epoch  to  the  time  of  the  covering  up  of  these 
silted -up  lakes  by  the  growth  and  accumulation  of  peat. 

In  treating  the  subject  we  shall  describe  the  Bog  of  Ballybetagh, 
and  take  it  as  a  type  of  the  bogs  throughout  the  whole  country.  I 
select  Ballybetagh,  because  it  was  there  I  arrived  at  the  conclusions 
here  advanced ;  and  having  spent  ten  weeks  in  making  excavations, 
I  have  an  accurate  knowledge  of  it.  It  was  moreover  the  scene  of 
one  of  the  excursions  made  by  the  British  Association  in  1878. 
Prof.  W.  Boyd  Dawkins  refers  to  the  visit  in  his  new  book,  "  Early 
Man  in  Britain  ;   or  Man's  Place  in  the  Tertiary  Period." 

Ballybetagh  Bog  is  situated  in  a  small  valley,  lying  between  some 
outlying  hills  south-east  of  the  Three  Bock  Mountains,  about  nine 
miles  south-east  of  Dublin,  at  an  elevation  of  about  800  feet  above 
the  sea-level,  and  is  bounded  east  and  west  by  low  granite  hills,  the 
valley  itself  running  north  and  south,  where  it  is  intersected  by  the 
Glencullen  river.  Two  small  lakes  occupy  the  bottom  of  this  valley, 
forming  something  like  the  figure  oo  .  The  larger  loop  occupies  the 
northern  end,  the  smaller  one  lying  towards  the  south,  at  a  higher 
level,  but  connected  with  the  northern  lake,  and  receiving  its  over- 
flow, which  it  discharges  into  the  Glencullen  river.  The  Megaceros 
remains  have  been  found  mostly  in  the  smaller  lake.  Both  of  the 
lakes  have  been  silted  up,  and  are  now  pasture-land. 

Having  described  the  locality,  one  point  is  worthy  of  notice  :  its 
elevation  prevented  it  from  receiving  the  drainage  of  any  long  sweep 
of  country ;  hence  there  could  not  have  been  a  rush  of  water  through 
it,  and  the  clays  could  not  have  been  imported  into  it  from  a 
distance ;  consequently  they  must  have  been  brought  down  from  the 
hills   that  immediately  surround  the  valley,  and,  a^  tk^vt  ^xrd^K^ 
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would  hardly  meaeii re  more  than  100  acres 
basin  for  the  receptiou  of  raiufall  was  very  li 
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dona  by  Tain-wuth  from  the  hillii,  after  ^«  eroat  ( 
fi  =  BunldsT-olaif  raHio^  on  granite,  thicknem  ntiluiowiL. 

We  shall  now  describe  the  appearance  of  the  clays.  On  making 
an  escavation  wo  first  pass  throii£h  a  layer  of  post,  alwiit  two  feet 
thick,  containing  oocaBionally  prostrate  trunki  of  oak  and  alder.  We 
then  enter  on  a  bed  of  greyish  clay,  which  is  marked  No.  4  in  the 
section  ;  this  bed  is  about  thirty  inches  thick.  Beneath  this  we  come 
to  a  bed  of  brownish  or  snuff-colonred  clay  (No.  8),  in  which  we 
find  Megaceroi  remains.  This  clay  differs  in  a  marked  manner 
from  No.  4,  which  intervenes  between  it  and  the  peat,  inaamuch 
as  it  has  all  the  appearance  of  a  true  lake  sediment,  consisting  mostly 
of  vegetable  matter.  Under  No.  3  bed  we  come  to  No.  2  clay, 
which  seems  to  be  composed  entirely  of  vegetable  matter,  as  if  a 
heavy  crop  of  grass  had  been  mown  and  snnfc  to  the  bottom  of  the 
lake,  and  bad  there  been  subjected  to  oonaiderable  pressure  till  it 
became  a  compact  mass,  having  a  yellowish -grey  colour,  and  cnttinj; 
almost  like  cheese.  Lastly,  we  come  to  clay  No.  1,  which  forms 
the  substratnm  of  the  entire  lake-basin.  This  clay  is  exceedingly 
tenacious,  and  it  was  in  this  clay,  as  T  conceive,  that  the  Megaeeroi 
got  mired ;  it  is  suoh  as  is  used  by  brick-makers.  Near  the  margin 
it  thins  out,  but  deepens  to  a  considerable  thickness  near  the  centre 
of  the  lake,  and  rests  upon  true  Boulder-clay. 

Having  thus  briefly  desoribed  the  argillaceous  deposita  observed 
at  Ballybet^h,  and  having  stated  that  a  general  resemblance  exists 
between  them  and  those  of  lake-beds  in  other  parts  of  Ireland,  it 
might  be  well  to  notice  in  what  respect  they  difier.  One  marked 
difference  is  that  Ballybetsgb  lies  in  a  granitic  district,  and  all  the 
mineral  matter  is  granitic,  having  been  brought  down  meobanically 
from  the  surrounding  hills.  Marls  are  usually  found  in  the  Carboni- 
ferous limestone  districts,  and  result  from  a  chemical  dissolution  of 
the  limestone  rocks  by  carbonic  acid  brought  down  with  the  rain- 
water in  solution,  and  aHerwards  carried  into  the  lakes  there.  Parting 
with  a  portion  of  its  oarbouic  acid,  the  lime  falls  to  the  bottom,  an^ 
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mixing  with  the  organic  matter,  forms  marl  of  different  degrees  of 
purity,  owing  to  the  quantity  of  clayey  matter  mixed  with  it  In 
some  instances  the  solution  is  taken  up  by  the  freshwater  moUusca 
to  form  their  shells,  which,  after  their  death,  accumulate  in  the 
lakes  and  becomes  shell-marl.  In  Eildare  and  Meath  the  latter  is 
more  abundant  than  in  the  Limerick  lake  deposits. 

Let  us  endeavour  to  trace  the  history  of  the  silting  up  of  an  Irish 
lake,  taking  Ballybetagh  as  an  example.  Going  back  to  the  close 
of  the  great  Glacial  Epoch,  let  us  examine  the  state  of  things  that 
then  existed,  taking  this  as  our  starting-point. 

It  is  an  admitted  fact  among  geologists  that  at  the  time  of  the 
great  Glacial  Epoch,  or  as  Dr.  Qeikie  calls  it  **  the  Great  Ice  Age," 
the  whole  surface  of  the  Northern  hemisphere  was  covered  with 
immense  glaciers,  which,  like  those  of  the  Arctic  regions  at  the 
present  day,  moved  over  the  land,  but  were  even  more  extensive. 
Some  writers  affirm  that  they  must  have  been  miles  deep  at  the  pole, 
but  thinned  off  down  to  the  40th  degree  of  latitude.  There  is  evidence 
that  they  flowed  over  the  "  Three  Rock  Mountains,"  1200  ft  high, 
only  two  miles  from  the  bog  that  has  been  described.  This  tre- 
mendous moving  force  ground  down  the  rocks  of  the  country,  leaving 
scorings  on  them  which  can  be  seen  at  the  present  day.  To  this 
grinding  force  we  are  indebted  for  the  mineral  ingredients  of  our 
soils,  consisting  as  they  do  of  pulverized  rocks. 

In  the  case  of  Ballybetagh  a  glacier,  or  a  part  of  the  ice-flow, 
seems  to  have  passed  over  a  hill  that  lies  to  the  north-west  of  the 
valley,  and,  descending  it,  displaced  the  matter  that  previously 
occupied  the  hollow  and  pushed  it  on  towards  the  south-east,  leaving 
at  its  exit  a  bank  or  dam  of  Boulder- clay,  so  that  the  waters  of  the 
lake  were  kept  at  a  higher  level  than  that  of  the  bog  at  present 
ITie  old  water-line  can  still  be  traced  along  the  bill-sides.  Here 
we  have  a  lake  formed  ;  the  surrounding  slopes,  after  the  climate 
became  milder,  and  the  glaciers  were  melted  away,  were  covered 
with  a  coating  of  tenacious  Boulder-clay,  full  of  erratic  and  loose 
stones. 

During  the  thaw  the  climate  was  intensely  humid.  The  valleys 
were  filled  with  turbid  water,  and  the  rainfall,  acting  on  a  land- 
surface  perfectly  denuded  of  vegetation,  brought  down  the  fine 
particles  of  the  Boulder-clay  into  the  lake,  leaving  the  gravel  on 
the  hills,  so  that  in  the  lake-bed  we  have  a  sort  of  geological 
paradox,  Boulder-clay  without  Boulders.^  This  process,  no  doubt 
going  on  for  a  long  period,  fully  accounts  for  the  deep  bed  of  tough 
clay  No.  1.  It  seems  to  have  been  the  clay  in  which  the  Megaceros 
got  mired  and  trapped,  similar  natural  traps  being  spread  over  the 
country  wherever  these  lakes  occur. 

Clay  No.  2  can  hardly  with  propriety  be  called  a  clay.  It  is,  as 
stated,  a  bed  of  pure  vegetable  remains,  that  has  been  ages  under 
pressure.  As  the  climate  improved,  and  the  cold  of  the  Glacial 
period  had  passed  away,  vegetation  commenced  in  the  bottom  of  the 

1  This  would  properly  be  described  as  reconstructed  Boulder-clay. 
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lakes,  evidenced  by  the  luxuriant  bed  of  vegetable  matter  whicb  we 
finil  resting  on  the  fine  Boulder-clay  rain-wasb  just  noticed.  The 
total  absence  of  the  latter  clay  No.  1  in  thiit  vegetable  bed  indicates 
dryness  of  climate  ;  the  summefB  must  have  been  unusually  warm  and 
di'y,  and  favourable  to  vegetation.  Such  summers  may  well  bave 
brought  back  our  flora  and  fauna  to  plnoes  where  now  their  remains 
are  found.  Probably  at  this  time  the  Hippopotamus  and  Khinooems 
made  their  way  into  Yorkabire,  and  the  Lion  and  Hyaena  left  their 
bones  in  the  oaves  of  England. 

The  reclothing  of  these  lands  with  vegetation  must  have  been  an 
exceedingly  protracted  process.  The  hills  were  covered  with  Btones 
and  rock-debris,  the  soil  was  destitute  of  humus  or  decayed  vegetable 
matter,  in  winter  a  pasty  clay,  in  summer  like  a  sun-dried  brick. 
Q'he  total  absence  of  all  Beeda  of  plants,  ages  of  low  tempera- 
ture, and  the  grinding  of  immense  glaciers,  had  ntterly  destroyed 
alt  traces  of  vegetation,  except  of  arctic  plants,  which  may  have 
esisttd  in  some  fevoured  spots.  The  only  vegetation  suited  to  tbii 
state  of  things  would  be  Cryptogamic  plants ;  lichens  and  mosses 
would  difliise  their  spores  most  rapidly;  the  growth  and  death  of 
these,  combined  with  atmospheric  inflnences,  would  in  the  lapse  of 
years  ameliorate  the  soil,  nnil  prepare  it  for  the  gmsses,  etc.,  which, 
by  their  light  seeds  and  rapid  growth,  would  soon  diffuse  themselvea 
and  cover  the  land  with  prairie.  Whilst  this  was  going  on  the 
luxuriant  vegetable  growth  was  proceeding  in  the  lakes,  leaving  the 
plant-bed  forming  Clay  No.  2. 

About  this  time  the  Jfegaceroi  appeared  in  Ireland.  For  resting 
on  this  vegetable  bed  we  first  find  its  remains.  How  long  it  may 
have  previously  existed  on  the  Continent  I  will  not  say  :  it  may  have 
lived  in  pre-Qlaoial  times,  and  escaped  extinction  by  migrating 
south ;  it  ia  its  presence  here  with  which  we  have  to  do ;  the 
geographical  conditions  which  made  it  possible  for  it  to  reach  Ireland 
1  will  not  attempt  to  discuss  here.  The  question  now  arises,  "  Hew 
did  it  get  drowned  1 "  It  may  have  gone  into  the  lakes  to  escape 
wolves,  or  possibly  to  escape  man  ;  but  the  evidence  of  the  presence 
of  man  with  the  Megacerei  in  Ireland  is  very  slender  indeed ;  the 
finding  of  human  bones  stated  to  be  associated  with  those  of  the 
Megaeeros  in  the  small  cave  at  Cappagh,  Go.  Watetford,  looks  like 
it,  but  is  no^  considered  conclasive. 

It  may  be  that  the  animals  went  into  the  lakes  to  wallow,  as  ii 
nsnal  with  Deer,  or  it  may  have  been  that  the  animal,  when  passing 
over  the  country,  boldly  ventured  to  ford  the  rivets  or  swim  across 
small  lakes.  It  was  easy  enough  to  get  into  the  lake ;  but  when  it 
swam  across  and  attempted  to  get  out  at  a  shore  having  an  incline 
of  nearly  45  degrees,  composed  of  tough  clay  above  G  feet  deep 
(we  know  not  liow  much  more'}  which  lined  the  lake-baain,  into 
which  when  their  small  feet  were  thrust,  no  bottom  oould  be  found, 
the  more  they  plunged  and  strn^Ied  the  worse  they  became, 
till  at  last  the  heavy  antlers  (60  or  70  pounds  in  weight)  presaed 

'  Aq  iron  rod,  ten  feet  in  length,  pieswd  through  this  clay  found  no  bottom  iwL 
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the  nose  of  the  animal  under  water  and  so  ended  its  life.  It  may  be 
objected,  "  If  this  theory  be  true,  we  ought  to  find  the  shanks  of  the 
animal  sticking  in  the  stiff  clay  described."  This  does  not  follow. 
Suppose  the  animal  did  remain  in  this  position  for  a  few  days,  the 
motion  of  the  waters  of  the  lake,  acted  upon  by  the  wind,  would  sway 
the  body  to  and  fro,  causing  the  water  to  penetrate  around  the  legs 
of  the  deer  in  the  tough  clay,  whilst  the  gases  developed  by  putre- 
faction in  the  animal's  body  would  render  it  buoyant  and  tend  to  raise 
it  bodily  off  the  bottom,  whilst  the  lake,  swelled  by  rain,  would  add 
its  lifting  power  and  soon  draw  the  legs  out  of  the  clay,  and  the 
body  would  be  left  free  to  drift  before  the  wind  to  the  lee-side 
of  the  lake,  its  head  hanging  down  would  take  the  ground  towards 
the  margin  and  get  fastened  by  its  heavy  antlers  in  the  stiff 
day,  and  thus  would  serve  to  moor  or  anchor  the  whole  animal  in 
position  till  putrefaction  had  caused  the  integuments  of  the  neck  to 
separate  from  the  body. 

During  the  previous  30  years  nearly  100  heads,  good  and  bad, 
had  been  found  in  this  small  bog,  and  scarcely  six  skeletons.  The 
question  naturally  arose :  "  What  had  become  of  the  bones  ?  "  One 
gentleman  said  that  they  had  been  washed  down  to  the  centre  of  the 
lake,  and  would  be  found  there.  I  tried  the  centre,  sinking  13  feet, 
and  all  I  got  was  one  lib.  Another  gentleman,  more  facetious,  said 
that  "  evidently  the  animal  had  the  trick  of  dropping  off  its  head 
and  running  away  from  it."  I  was  greatly  puzzled  to  account  for 
its  absence,  when  one  day  I  remembered  that  in  almost  every  in- 
stance I  had  found  the  atlas  vertebra  imbedded  beside  the  head. 
It  at  once  occurred  to  me  that,  being  so  firmly  attached  to  the  back 
of  the  skull,  it  resisted  decay  longer ;  but  when  the  integuments  of  the 
neck  had  sufficiently  putrefied,  they  parted  with  the  strain  on  them, 
the  axis  slipped  out  of  the  atlas,  it  being  the  least  firm  point  of 
attachment,  and  the  gas-inflated  body  floated  away,  and  was  carried 
by  the  current  clean  out  of  the  lake  to  a  lower  lake  or  river,  or  even 
down  to  the  sea.  I  believe  that  this  floating  theory  meets  all  the 
requirements  and  facts  of  the  case. 

In  the  Limerick  bogs  the  skeletons,  or  some  portions  of  them,  are 
often  found  with  the  heads ;  this  is  owing  to  the  shallowness  and 
want  of  current  in  the  lakes  in  that  district ;  there  was  not  depth 
enough  of  water  to  float  away  the  great  carcase  with  its  long  legs 
hanging  down.  In  one  instance  I  found  all  the  le^n  of  one  animal 
with  the  head  :   the  trunk  having  apparently  floated  away. 

Surrounding  and  overlying  the  remains  we  find  the  brown  clay 
(No.  3) ;  it  is  usually  from  three  to  four  feet  deep,  and  is,  as  I  have  said, 
a  true  lake  sediment,  having  a  good  proportion  of  vegetable  matter 
interstratified  with  seams  of  clay  and  fine  quartz  sand,  brought 
down  by  heavy  rainfall  from  the  hills ;  it  seems  to  represent  a 
genial  or  temperate  climate,  such  as  we  have  at  present.  The  four 
feet  of  deposit  seems  to  represent  the  time  of  the  reign  of  the 
Megaceros  in  Ireland ;  but  this,  considering  the  superficial  extent  of 
the  bog,  must  contain  hundreds  of  tons  of  the  clay  in  question,  and 
may  represent  a  long  period.     Thus  it  lived,  the  climate  mild,  the 
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Boil  by  tliis  time  fertile ;  it  had  few,  if  any,  human  enetuiee:  if  eugIi 
did  exist,  they  were  armed  wilUpoor  weapoiiB.  The  Tiger,  tlie  Lion. 
and  llie  Hywna  were  absent,  for  their  remains  have  nut  been  ftjund 
in  this  iBlatid.  Tiie  largest  predatory  animal  was  the  Wolf,  which 
could  hsrdly  cope  with  this  great  beast.  It  had  extensive  prairiw 
to  roam  oyer,  it  multiplied  freely,  havini;  no  drawback  except  the 
comfaativeneea  of  the  ma1e>B  at  certain  senBons,  and  the  chance  cf 
getting  drowned  occaaionally  in  the  lakes — by  this  happy  accident 
insuring  for  itself  a  resting-place  in  museums  nil  over  the  world. 

The  growth  of  tlie  wide- spreading  antlers  of  the  animal  is  worthy 
of  notice.  They  weigh  on  an  average  60  lbs. ;  they  were  of  conrse  slied 
annually,  as  in  other  deer;  about  four  months,  say  120  days,  was 
occupied  in  the  gi'uwih  of  the  new  anllers  after  the  full  of  the  old 
ones;  hence  8oz.,  that  is,  half  a  pound,  of  phosphate  of  lime  must 
have  been  secreted  or  deposited  by  the  biood  of  the  animal  each  day 
of  the  period  to  build  up  these  grand  defences;  the  wonder  is  how 
the  blood  could  supply  go  vast  a  mass  of  new  material  iu  so  brief 
a  space  of  time. 

It  has  been  assumed  by  some  that  the  animals  perished  in  herds 
in  the  Inkes  ;  but  we  have  no  evidence  whatever  of  this.  A  number 
being  found  together  does  not  prove  it.  On  the  contrary,  they  mfty 
have  been  the  nccu  mill  align  of  centuries.  The  diffurenl  age  of  the 
antlers  seems  to  prove  that  they  died  singly.  We  sometimea  find 
a  head  with  the  tracks  of  the  blood-vessels  of  the  antlers  as  sharp  as 
if  it  had  oome  out  of  the  *'  velvet "  but  yesterday ;  this  individual 
died  about  August,  just  as  the  antlers  were  finished.  Again  T  have 
found  beside  it  antlers  well  worn  and  polished,  as  if  it  had  died  in 
the  winter.  Again  I  have  found  shed-antlers  that  must  have  fallen 
about  April.  But  I  never  found  a  skull  from  which  the  antlers  had 
fallen  because,  a^er  dropping  them,  he  nmy,  being  so  much  lighter, 
have  managed  to  get  out  of  the  tenacious  lake  clay.  Female  skulls 
are  rarely  met  with ;  either  they  were  more  timid  in  swimming 
lakes,  or  having  no  antlers  they  may  have  struggled  out,  or  the  care 
of  their  young  prevented  their  keeping  company  with  the  males  in 
the  summer  season,  when  they  were  most  likely  to  get  into  the  lakes 
to  bathe. 

Having  treated  the  light  brown  clay  (No.  3)  which  surrounds 
and  covers  up  the  Ifegacerot  remains,  we  now  come  to  the  greyith 
clay  whioh  overlies  the  latter  and  underlies  the  peat.  This  bed  I 
consider  of  great  importance,  as  it  seems  to  indicate  a  change  of 
conditions  of  deposit  and  a  marked  change  of  climate. 

Clay  No.  S  appears  to  be,  as  I  have  said,  an  ordinary  lake  settle- 
ment. The  line  of  separation  between  it  and  the  overlying  bed  is 
pretty  sharp  and  well  defined.  It  was  quite  usual  for  the  workmen, 
when  the  point  of  their  spades  touched  this  clay,  to  say,  "  There  is  the 
brown ;"  for  we  bad  been  taught  by  experience  that  the  remains  of 
the  great  deer  were  not  to  be  expected  in  the  grey  clay  Nu.  4.  This 
line  of  separation  is  to  be  found  in  every  part  of  the  bog — it  is  ap- 
parently an  invariabte  line.  In  describing  the  hog  I  said  it  occupied 
two  depressions  making  originally  two  small  lakes  in  form  like  the 
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jiire  00 ;  when  we  sink  in  the  northern  bog  or  lake,  we  do  not  find 
lis  bed  of  olay,  but  we  find  its  eqmvalent,  a  bed  of  gravel,  out  of 
hioh  the  flow  of  water  washed  and  carried  forward  the  finer 
articles  and  deposited  them  in  the  southern  lake  from  year  to 
3ar  over  the  sediment  or  brown  clay  (No.  8),  and  thus  formed  the 
3d  No.  4,  which  is  about  from  30  inches  to  3  feet  deep,  containing 
undreds  of  tons  of  nearly  pure  argillaceous  mineral  matter,  such 
I  might  be   used  by   the  potter.      I  have  said  that  it   indicates 

marked  change  in  climate,  from  mild  and  genial  to  one  of 
most  arctic  character,  when  the  British  Islands  in  their  elevated 
3rtions  were  perhaps  covered  with  perpetual  snow,  when  the 
[usk-ox,  Reindeer,  and  other  Arctic  animals  ranged  down  to  the 
>uth  of  France,  and  when  our  coasts  were  probably  occupied 
y  the  Esquimaux  or  a  similar  race.  It  is  just  such  a  clay  as 
light  be  produced  by  the  milky  or  muddy  water  that  flows  from 
3neath  a  glacier ;  but,  lest  it  should  be  said  that  I  am  assumins^ 
hat  is  not  proved,  it  may  be  as  well  to  assign  some  reasons  for 
ly  views. 

I  infer  it  is  a  glacial  clay,  because  of  its  nature  and  texture.  It  is 
arely  mineral,  or  nearly  so,  and  must  have  been  produced  from  the 
ranitio  hills  on  either  side  of  the  valley  by  the  disintegrating  action 
r  frost  and  ioe. 

I  infer  it  is  glacial  from  its  quantity.  The  bed  is  nearly  three  feet 
lick,  spread  over  about  three  acres.  Why  did  not  this  mineral  matter 
)me  down  in  like  quantity  all  the  time  of  the  deposit  of  the  clay 
ed  No.  3  which  underlies  it  ?  Simply  because  during  the  genial 
)ndition8  which  then  existed  the  hills  were  everywhere  thickly 
jvered  with  vegetation  ;  when  the  rain  fell,  it  soaked  into  the 
)il,  and  the  clay,  being  bound  together  by  the  roots  of  the  grasses, 
'as  not  washed  down;  just  as  at  the  present  time,  when  there  is 
ardly  any  degradation  of  these  hills  taking  place. 

Lastly,  I  infer  ice-action  from  having  in  my  possession  antlers  of 
le  Megaceros  actually  scored  like  a  striated  boulder.  The  underside 
f  the  antler  was  firmly  embedded  in  the  marl,  and  has  no  marks  ; 
le  upper  side  was  exposed  to  the  grinding  action  of  ice,  with  coarse 
md  frozen  to  its  under  surface,  this  miniature  glacier  must  have 
assed  over  the  antler,  and  made  the  scorings  in  question. 

In  this  glacial  bed  I  found  the  antler  of  a  Reindeer ;  what  but 
rctic  conditions  would  have  brought  this  animal  so  far  south? 

Nor  can  I  account  for  the  broken  state  of  the  Megaceros  remains, 
nless  from  pressure  of  great  masses  of  ice  on  the  surface  of  the 
lays  in  which  they  were  imbedded,  the  wide  expanse  of  the  palms 
f  the  antlers  exposing  them  to  pressure  and  liability  to  breakage, 
nd  even  in  many  instances  when  there  was  twelve  or  fourteen  inches 
1  circumference  of  solid  bone  almost  as  hard  and  sound  as  ivorv  it 
ras  snapped  across.  I  have  been  told  that  a  rush  of  water  tumbling 
tie  heads  over  each  other,  would  do  this,  but  it  has  been  stated  that 
be  elevation  of  the  valley  precluded  the  possibility  of  its  receiving 

river  of  such  force  as  to  produce  such  eflfects ;  moreover  the  state 
f  the  teeth  shows  the  incorrectness  of  this  idea.     In  every  instance 
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I  foimd  the  edges  of  the  deer's  teeth  e»  sharp  aa  if  the  animal  hitd 
died  but  jostenhiy ;  there  are  no  marks  of  their  having  been  wale> 
worn  ;  hence  I  conohide  that  nothing  but  the  pressure  of  ice  wU 
acuount  for  the  breaking  of  the  Jlegaeeroa  antlers.  As  a  rule,  ihoM 
found  near  the  eturfaoe  are  those  most  broken;  when  found  deeptt 
down,  they  are  niuuh  less  ho,  the  thick  layer  of  clay  having  pro- 
tected them. 

Whether  these  conditions  can  be  referred  to  a  Glacial  period 
mnj  bo  questioned  ;  we  have  uo  Btandard  to  judge  by.  No  doubt  it 
wns  fur  leas  rigorous  than  the  "Great  Ice  Age";  but  it  should  ba 
reuiembevud  that  then,  as  now,  the  climate  of  Ireland  was  not  bo 
severe  as  that  of  Scotland,  England,  or  the  Continent,  and  if  we 
could  make  this  time  synchronous  with  the  period  of  severe  cold  on 
the  Continent,  or  in  Scotland,  we  have  evidence  sufficient  to  prova 
that  it  might  properly  he  called  a  glacial  period.  Whether  it  caused 
the  extinction  of  the  Megaceroa  in  Ireland  may  be  questioned.  It  is 
a  subject  that  cannot  be  proved.  All  we  can  do  is  to  arrive  at  t 
stroug  probability.  The  total  absence  of  human  implements  or 
reninins  in  tliese  clays  goes  far  to  prove  that  mau  bad  hardly 
appeored  in  Ireland  ;  hence  it  is  highly  improbable  that  the  Mega- 
eerog  was  exterminated  by  mnn ;  hut  wlien  we  find  that  in  no 
instance  has  it  been  found  in  the  pent,  nor  Iiave  I  ever  found  it  in 
this  glacial  clay  No.  4,  ihen  it  becomes  highly  probable  that  this 
bed  of  clay  marks  the  limit  of  the  existence  of  the  Megaeerot  in 
Ireland,  no  doubt  by  this  time  insulated,  so  that  it  could  not  have 
escaped  by  migration. 

Prohiihly  a  d.ini  existed  at  tlie  south  end  of  Iht.  lake.  This  wa» 
afterwards  cut  through  by  ice,  thus  draining  Lrath  the  lakes.  No 
evidence  remains  of  the  dam,  except  the  old  water-line  several  feet 
higher  along  the  hill-sides.  Thus  the  lake  had  not  only  been  silted 
up,  but  had  heeu  naturally  drained  and  afterwards  left  brim  full  of 
alluvium,  in  fact  s  swamp,  in  which  Sphagnum,  EqaitetaeoB  had  other 
marsh  plants  could  grow  and  lay  the  foundation  of  a  true  peat-bog. 

After  examining  Ballybetagh,  I  was  anxious  to  explore  other  bogs, 
to  ascertain  if  they  would  tell  the  same  story.  The  next  one  visited 
was  Craggah  near  Balla,  Co.  Mayo.  It  is  150  miles  from  the  former 
place.  Here  I  found  perfect  accord  in  the  appearance  and  order  of 
the  beds,  first  the  tough  bottom  clay,  in  which  the  animals  were  mired, 
the  marl  bed  in  which  it  is  found,  and  the  glacial  bed  just  under  the 
peat,  just  as  at  Ballybetagh,  with  this  difference,  that  instead  of  being 
greyish,  it  is  a  chocolate- brown,  as  it  was  derived  from  the  Coal- 
measures  at  the  upper  end  of  the  valley.  Seeing  this  accord  in  the 
deposits  in  places  IfiO  miles  apart,  I  was  led  to  seek  for  a  general 
cause,  and  concluded  that  the  cause  was  not  a  local  one,  but  due  to 
climatio  changes  wide  in  their  operation.  The  next  year  I  visited 
several  bogs  in  Co.  Limerick,  with  similar  results ;  they  confirmed 
me  In  my  conclusions,  that  in  these  deposits  we  have  a  reliable 
record  of  the  changes  of  climate  which  have  occurred  from  the  times 
of  the  deposition  uf  the  boulder- clays,  and  till  the  peat-bogs  began 
to  grow  over  and  cover  up  the  old  lake-hasjns. 
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As  far  as  I  have  seen,  the  reclothing  of  the  country  by  forest  after 
he  denudation  of  the  '*  Ice  age/'  made  little  progress  till  near  or 
kfier  the  times  of  the  peat.  In  the  lower  deposits  of  the  lake-beds  I 
lever  found  any  timber  nor  met  with  the  Megaceros  remains.  In  the 
glacial  beds  just  under  the  peat,  I  have  found  some  branches ;  but  in 
Jie  peat,  as  is  well  known,  trees  are  of  common  occurrence ;  nor  is 
t  surprising  that  prairie  should  precede  forest  growth  by  a  very  long 
period.^ 

Thus,  having  traced  the  silting  up  of  an  Irish  lake,  and  the 
probable  changes  of  climate  that  an  examination  of  the  clays  con- 
tained therein  indicate,  we  find : — 

1st.  A  cold  wet  climate,  as  marked  by  clay  No.  1,  which  was 
evidently  washed  from  the  hills  in  the  great  thaw  ;  it  is  a  pure  rain- 
WBsh  or  glacial  fluviatile  clay. 

2nd.  A  dry  and  warm  period,  which  succeeded  the  former,  marked 
by  the  accumulation  of  the  bed  of  vegetable  matter  found  in  the 
very  bottom  of  these  lakes,  during  the  growth  of  which  the  land 
probably  became  covered  with  prairie. 

drd.  A  mild  and  genial  climate,  during  which  the  JHegaceros  ap- 
peared in  Ireland,  leaving  the  bones  of  drowned  individuals  in  the 
lakes,  where  we  find  them  surrounded  and  covered  up  by  the  brown 
clay  No.  3.  The  drowning  appears  to  have  been  caused  by  the  animals 
having  mired  or  stuck  fast  in  the  thick  tenacious  clay  No.  1. 

4th.  Another  glacial  period,  indicated  by  the  greyish  clay  described 
as  No.  4,  ice-action  or  frost  and  thaw  bringing  it  down  from  the  hills, 
thus  filling  the  lakes,  afterwards  by  the  lowering  of  their  level  and 
making  the  surface  of  the  clays  fit  for  the  peat  plants  to  root  in. 
The  cold  of  this  period  having  probably  exterminated  the  MegaceroB 
in  Ireland. 

I  believe  it  will  be  found  that  these  clays  are  a  key  to  the  changes 
of  climate  that  have  occurred  in  the  northern  hemisphere  from  the 
great  Glacial  period  up  to  the  times  of  the  peat  and  forest  growths. 

2,  Dame  Street,  Dublin. 

^  In  a  letter  to  the  writer  from  Dr.  James  Geikie,  F.R.S.,  F.G.S.,  of  the 
Geological  Survey  of  Scotland  (author  of  a  work  entitled  '*The  Great  Ice  Age,'* 
etc.,  one  of  our  highest  authorities  on  glacial  questions),  this  eminent  geologist 
writes  as  follows: — "Perth,  Ist  January,  1880,  ....  As  I  told  you  in  former 
letters,  I  was  not  prepared  to  believe  that  your  marls  and  peat  with  Megaceroe 
could  be  older  than  the  last  cold  phase  of  the  Ice-age.  I  thought  then,  and  think 
Btill,  that  they  are  all  Post- Glacial — in  the  sense  of  being  later  than  the  last  big 
ice-sheet.  But  I  think  you  are  right  in  supposing  that  cold  conditions  of  climate 
succeeded  to  the  period  when  the  Megaceros  lived  m  Ireland."  ....**  You  will 
see  from  my  paper  that  your  Megaceroe  comes  into  the  *  Age  of  Forests,'  and  that 
the  beds  immediately  overlying  the  peat  will  most  likely  be  of  the  same  age  as  our 
coarse  clays,  with  Greenland  whale,  and  the  latest  local,  or  valley-glaciers — a  climate 
probably  approaching  to  that  of  Northern  Norway.** 

The  writer  believes  the  Megaceroe  lived  before  the  forest-period  in  Ireland,  just 
as  it  existed  previous  to  the  growth  of  the  Peat-bogs. 
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IV. — The  Glaoiatiow  of  tub  Shetland  Tbij:s, 

Iteply  to  Mr,  Milne  Ilomii's  Critieisms  in  the  May  I^umbtr  of  tlie  Geoi„  M 

Bj  II.  N.  Peach,  F.R.S.E.,  F.G.3.;   nnd 

JoHK  HouxE,  F.R.S.E.,  F.G.S. 

IN  the  May  Number  of  the  Oboldgical  Maoazink,  Mr.  Milns 
Hume  expresses  uuew  his  doubts  about  our  concIiiijii>n8  on  Uie 
glacintioa  of  Shetlaud.  Uying  siiecial  emphaHis  on  the  diBcordanna 
between  the  atatementa  of  Mr.  C.  W.  Peauh  Riid  ourselves.  He  uIm 
cites  Dr.  Hibbert  and  Mr.  Russell  as  \o  the  poeition  of  oertain 
bouldera  which,  he  considers,  are  at  variance  with  our  oouclusions. 
In  his  recent  criticisms,  Mr.  Milne  Home  still  displays  a  ourioui 
niisapprebeuaiou  of  many  of  the  fncts  heariog  on  this  question; 
bosiilea  he  baa  commftte<l  a  serious  error  in  niRking  allowanoe  for 
the  magnetic  variation,  on  the  strength  of  which  he  tries  to  establish 
a  discordance  between  the  trend  of  the  ice-markings  as  given  by 
Mr.  C.  W.  Peach  and  ourselves,  iu  Uust  and  the  Outskerries  at 
Whalsay. 

We  now  desire  fo  show  (1]  tbat  there  is  no  discordance  between 
the  (rend  of  the  ice-markings  recorded  by  Mr.  Peach  aud  ourselves 
in  Uust;  (2)  that  the  supposeil  ice- movement  from  the  hills  in  ihe 
north  of  TJnst  sgaiost  "  the  W.N.W.,  end  "  of  the  Beog  Hill,  whidi 
was  advocated  by  Mr.  Peach  in  1864,  and  now  abandoned  by  him, 
is  completely  disproved  by  the  direction  of  the  strin,  and  more  par> 
ticularly  by  the  dispersal  of  the  stones  in  the  Boulder-clay  in  that 
neighbourhood ;  (3)  tiiat  there  is  no  discordance  between  the  direc- 
tion of  the  atriffl  recorded  by  Mr.  Peach  and  sotue  of  those  noted 
by  ourselves  in  the  Outskerries  of  Whalsay;  (4)  that  with  the 
exception  of  the  blocks  of  actinolite  schist  on  Papa  Stour,  which, 
according  to  Hibbert,  could  only  have  oome  from  Hillswiok,  1^ 
various  erratics  cited  by  Mr.  Milne  Home  may  be  satisfactorily 
accounted  for  by  the  theory  advocated  in  our  paper, 

1.  In  our  previous  communication,  we  published  a  letter  from 
Mr.  C.  W.  Peach,  in  which  he  stated  explicitly  tbat  no  allowance  had 
been  made  for  magnetic  variation  in  his  observations,  which 
accounted  for  the  discordance  so  far  as  the  mere  trend  of  the  icB- 
markings  is  conoemod.  With  reference  to  this  point  Mr.  Milne 
Home  says,  "  Messrs.  Peadi  and  Home,  commenting  on  this  letter, 
observe,  that  when  allowance  is  made  for  magnetic  variation,  Mr. 
Peach's  bearings  wonld  be  not  W.N.W.  as  stated  by  him,  bat 
'nearly  E.  and  W.  as  noted  by  hs.'  This  remark  I  don't  under- 
stand ;  for  as  the  ootnpass  in  Shetland  in  the  year  If  64  stood  24°  to 
the  west  of  true  north,  Mr.  Peach's  observatious  by  true  bearing 
indicate  N.W.,  and  not  due  E.  and  W." 

Mr.  Milne  Home  has  here  committed  an  error  in  his  oaloulatioos 
amounting  to  about  46°.  The  error  is  perfectly  obvious  to  any  one 
who  gives  a  moment's  thought  to  the  subject,  but  we  have  made  the 
following  calculations  to  make  it  transparent  at  a  glanoe.  In  1864 
(the  year  in  which  Mr.  Peach,  sen.,  visited  Shetland)  the  compass  ia 
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se  islands  pointed  24^°  to  the  west  of  true  north.*     It  follows 
refore,  that, 

Mag:netic  N.  =  N.  244'  W.  true. 

Magnetic  N.N.W.  =  N.  47°  W.  true,  or  nearly  N.W.  true. 

Magnetic  N.W.=X.  69^*  W.  true,  or  W.  20 J'  N.  true. 

Magnetic  W.N.W.  =  W.  2°  S.  true. 

Magnetic  W.=W.  244'  S.  true. 

Mr.  C.  W.  Peach  recorded  striations  only  from  one  locality  in 
ist,  viz.  on  the  south  side  of  Harolds  wick  Bay  on  the  east  coast 
ining  W.N.W.,  and  E.S.E.  (magnetic).'  From  the  foregoing 
►le  it  will  be  seen  that  in  1864:  W.N.W.  magnetic  =  W.  2°  S. 
le,  or  nearly  E.  and  W.,  as  noted  by  us.  There  is  therefore  no 
cordance  hetioeen  us  80  far  as  the  mere  trend  of  the  ice-markings  at 
it  locality  is  concerned.  The  ice  which  produced  these  markings 
ist  have  come  from  the  east  or  west.  Mr.  Peach  inferred  that  the 
(vement  had  been  from  the  west,  and  this  leads  us  to  discuss  the 
idence  he  adduced  in  8up{>ort  of  this  contention. 
2.  In  addition  to  the  striae  in  Haroldswick  Bay,  the  only 
idence  advanced  in  his  papers,  in  1865,  was  the  glaciated  appear- 
oe  presented  by  "  the  W.N.W.  end  "  of  the  Heog  Hill,  which  is 
is  described.  On  reaching  the  top  of  the  Heog  Hill  (about  500 
it),  be  found  **  the  W.N.W.  end,  vertical  and  polished  to  the 
pth  of  at  least  150  feet.  The  hills  to  the  north  of  Heog  Hill  slope 
wn  towards  it ;  and  down  these,  no  doubt,  the  crushing  agents 
me.  The  vertical  and  storm  side  of  Heog  Hill  had  evidently 
>isted  a  portion  of  the  destroyer,  and  turned  the  greater  part  on 

western  flank,  and  thus  the  main  body  passed  down  the  Valley 
ivards  Haroldswick,  as  evinced  by  the  greater  destruction  there 
an  on  the  eastern  side." 

A  careful  examination  of  that  tract  conclusively  shows  that  Mr. 
>ach  was  misled  by  the  glaciated  appearance  of  *'  the  W.N.W.  end" 

the  Heog  Hill ;  indeed  there  can  be  little  doubt  that  if  he  had 
and  time  to  examine  the  ground  minutely,  he  would  have  had  no 
casion  now  to  regret  "  the  oversight  and  neglect  of  the  warnings 

Hammer  and  Watlca  "  referred  to  in  his  letter.  A  slight  know- 
ige  of  the  geological  structure  of  the  ground  enables  us  to  explain 
e  origin  of  the  steep  rock  slope  described  by  Mr.  Peach.  From 
e  south  shore  of  Haroldswick  Bay  westwards  to  the  Loch  of  Cliff 
d  Baliasta  there  is  a  ridge  of  hilly  ground  composed  of  serpentine 
out  two  miles  in  length.  The  Crusafield  Hill  forms  the  western 
rmination  of  the  ridge  near  the  Loch  of  Cliff,  while  the  Muckle 
d  Little  Heog  Hills  are  situated  near  Haroldswick  Bay.  On  the 
38t,  north-west,  and  north  sides  there  is  a  steep  declivity,  but  to 
e  east  and  south-east,  the  gradient  is  gentle.  The  boundary-line 
tween  the  serpentine  and  soft  schists  lying  to  the  north  and 
dst  runs  from  Nor  wick  Bay  on  the  east  coast  to  Baliasta,  skirting 
e  north-west  and  west  slopes  of  this  hilly  ground.     This  boundary- 

*  The  true  direction  was  24**  35',  which  is,  roughly  speaking,  244°.  This  applies  to 
B  middle  of  the  group.  Northwards  from  this  there  was  a  slight  increase  and 
ithwards  a  decrease  in  a  regular  ratio. 

*  See  Geol.  Maq.  1865,  p.  343. 
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liue  is  coincident  with  a  well-iuarked  hollow,  wbicb  is  due  to  iha 
fftct  ibat  t!ie  soft  Bcliista  wliiuL  dip  benaatli  tbo  aerpuutiae  liave 
Buccuuibed  more  readily  to  tlie  denuditig  agencies,  thus  caiuiiig 
tbe  serpentine  to  wtatber  backwanis  as  a  sl«ep  escarptnent.  In 
short,  tbe  sttep  rock  slope  dat«fl  from  Pre-glaciul  times.  Further, 
the  whole  of  that  steep  declivity  ie  glaciated,  but  not  more  go  than 
the  east  or  south-east  slojies  or  the  tops  of  the  hills.  The  nbole 
ridge  is  moutounie,  and  aft«r  careful  searching  tbe  only  stri&tioni 
noted  by  us  occur  on  the  east  and  south-east  slopes  pointing  W.  8"- 
Hy  S..  nearly  parallel  with  the  long  axis  of  the  ridge.  Mr,  Peach 
inferred  that  the  ice  moved  southwards  from  tbe  bills  lying  to  the 
north  of  tbe  Heogs,  evidently  referring  («  the  hills  round  Saxavord, 
till  it  abutted  against  the  steep  rock  slope  and  was  deflected  east- 
wards into  Haroldswick  Bay.  But  such  a  supposition  does  not  ei- 
plftin  the  glaciated  appearance  of  tbe  tops  of  the  Heogs  or  tbe  strifi 
running  paiullel  with  the  riilge  on  tbe  south-east  slope.  Moreover, 
it  is  directly  disproved  by  tbe  trend  of  the  Btri»  on  the  eastern 
sea-board  north  of  Haroldswick  Bay.  On  the  cliff  top  of  tbe 
Nivv  Hill,  at  a  height  of  600  feet  by  aneroid  measurement,  we 
found  striffl  pointing  W.  10°  S.  which,  it  may  be  observed,  are  iden- 
tical with  those  on  tbe  soutfa-enst  slope  of  the  Heogs,  Again,  near 
tbe  village  of  Norwick  the  trend  is  W.  20^  S.  Both  of  these  localities 
are  situatt'd  immediately  to  lb«  east  of  the  line  of  the  supposed 
movement  from  the  hills  lying  to  the  north  of  the  Heogs.  We  shall 
point  out  presently,  that  the  westerly  movement  indicated  by  the 
stria-  on  the  Nivv  Hill  and  at  Norwick  is  placed  beyond  doubt  bj 
the  diopurtal  of  the  stones  in  the  BuuIduc-uJaj' ;  hal,  wo  will  uov 
quote  the  various  examples  of  striated  surfaces  noted  by  ns  in  Gnat 
in  order  to  show  that  they  clearly  indicate  a  uniform  and  peraistent 
movement  across  the  island  in  a  W.  and  W.S.W.  direction. 
W.  20°  S.  On  shore  near  Norwick  Old  Church,  near  Norwick  Baj. 


W.  20°  8.  On 


in?  '^ 

Oa  shore,  top  of  cliff  fiOO  feet  high,  KIvt  Hill  „      „ 

North  shore  of  HaroldBwiclc  Bay.  , ,      , , 

Haroldawicli  Bay.  ,,      „ 

(Jnehors,  top  of  cliff,  north  eide  of  Swius  Ness.  ,,       ,, 

On  ehore,  south  side  of  Swins  Neae.  „       „ 

Near  previous  locality.  ,,       ,, 
East  sTope  of  the  Heogs. 

South -cast  alopc  of  the  Heogs.  above  road  leading  to  Hagdole. 
In  bum  near  Buness  Houae,  Balta  Sound. 

On  ahora  near  Hammer,  Btilta  Sound.  Eait  caa«t. 

Un  ahore  st  south  entrance  of  Balta  Sound.  ,,      „ 

On  shore  opposite  Balta  Sound.  ,,       „ 

On  ebare  opposite  north  end  of  Huna  Island.  „       „ 

Oq  shore  opposite  south  end  of  Huna  Island.  „      „ 
East  slope  of  Void  Hill. 

Od  shore  north  of  old  Castle  of  Muness.  East  coast. 
Cross- halchee,  on  shore  eoat  of  Muness  hamlet,  south-eaat 
i     of  Unst. 


'  As  there  nu  *  strong  local  deflection  of  the  compass  amounting  to  about  25*  (t 
this  point,  the  proper  directiOD  of  these  striations  was  obtained  from  x  party  "^ 
the  Ordnance  Survej,  who  were  at  work  Dear  the  spot  at  the  time  ttaejr  were  notod. 
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W.  1  (f  S.  A  few  yards  south  of  preyious  instance. 

W.  30^  S.  On  shore  near  Lund,  north  of  Belmont.  South  coast. 

W.  30*  S.  At  Houlon  Neas.  West  coast. 

"W.N.W.  Near  CoUaster.  „      ,, 

From  this  list  it  \s  apparent  that  the  ioe-markings  must  have  heen 
prodaoed  by  ice  moving  in  a  determinate  direction  along  a  W.  and 
W.S.W.  line.  There  is  only  one  exception,  at  CoUaster,  which 
harmonizes  with  the  north-westerly  trend  on  the  west  side  of  Yell 
and  the  Mainland.  Indeed,  when  we  consider  that  the  strisd  occur- 
ring at  a  height  of  500  feet  agree  with  those  found  on  hill  slopes 
and  at  the  sea-level,  it  is  impossible  to  escape  the  conclusion  that 
the  agent  which  produced  them  must  have  pressed  uniformly  on 
bill  and  valley,  along  the  lines  indicated  by  the  striee. 

But  the  supposed  ice-movement  from  the  hills  round  Saxavord 
against  "  the  W.N.W.  end  "  of  the  Heog  Hill  is  also  disproved  by 
the  dispersal  of  the  stones  in  the  Boulder-clay.  On  the  west  side 
of  the  Saxavord  Hill,  overlooking  Burra  Fiord,  a  deposit  of  Boulder- 
clay  occurs  at  a  height  of  300  feet  above  the  sea.  The  deposit  is 
about  fifty  feet  thick.  A  considerable  proportion  of  the  included 
stones  consists  of  the  characteristic  homblendic  granite  of  Lamba- 
ness  and  Scaw,  about  two  miles  to  the  east  of  Saxavord  Hill.  This 
rock  is  easily  recognized  on  account  of  its  porphyritic  character ;  the 
pink  felspar  crystals  measuring  upwards  of  two  inches  in  length. 
In  our  paper  we  pointed  out  that  '*  ere  these  granite  fragments  could 
have  reached  this  position  along  the  path  line  indicated  by  the  strisd, 
they  must  have  been  transported  in  the  moraine  profonde  across  the 
shoulder  of  Saxavord  Hill,  where  it  attains  a  height  of  600  feet  ; 
whereas  none  of  the  Lambaness  granite  occurs  in  situ  at  a  greater 
height  than  150  feet." 

Moreover,  it  was  clearly  pointed  out  in  our  paper  that  a  careful 
examination  of  the  stones  in  the  Boulder-clay  on  the  west  coast 
proves  beyond  all  possibility  of  doubt  that  the  ice  must  have  crossed 
Unst  from  the  North  Sea  to  the  Atlantic.  Between  Woodwick  and 
Wick  Bay  striated  blocks  of  gabbro  and  serpentine  occur  in  this 
deposit,  which  have  been  carried  across  the  intervening  water-shed 
nearly  700  feet  high.  We  showed  that  the  relative  distribution  of 
the  gabbro  and  serpentine  stones  in  this  deposit  on  the  west  coast 
is  in  direct  proportion  to  the  respective  areas  occupied  by  these 
rocks  on  the  east  side  of  the  water-shed.  The  occurrence  of  these 
blocks  in  the  sections  referred  to  cannot  be  disputed.  Indeed,  our 
observations  have  been  confirmed  by  Prof.  Helland,  of  Christiania, 
who  arrived  at  similar  conclusions  regarding  the  westerly  movement 
of  the  ice  in  Unst.*  Mr.  Peach's  traverses  did  not  extend  to  the 
west  coast,  but  he  noted  the  occurrence  of  striated  serpentine  stones 
in  the  Boulder-clay  at  Loch  Watlea,  to  the  west  of  the  serpentine 
area.*  There  is  little  wonder  that  this  fact  puzzled  him  very  much 
at  the  time,  considering  the  hypothesis  he  adopted  after  a  rapid 
examination  of  only   a  portion  of  the   island.      It  is   physically 

^  Zeitschrift  der  Deutschen  geologischen  Gesellschaft,  Jahrgang  1879,  p.  716. 
*  Geol.  Mao.  Feh.  1881,  p.  67. 
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impassible  that  ice  oominfr  from  the  north  or  weet  oould  tranapfirt 
blocks  of  porphyrilic  {^anit«  in  the  BouIdBr-ctaj,  from  the  north- 
eaatera  beadlands  of  Unst  to  the  west  slope  of  8axavord  Hill,  ur 
striated  atones  of  serpentine  und  gabbro  to  the  weet  of  the  arta* 
occupied  by  these  rouks.  When  tlie  foregoing  facts  were  laid  before 
Mr.  C.  W.  Peach,  in  the  summer  of  1878,  ho  readily  perceived  ths 
conclusive  nature  of  the  evidence  regarding  the  westerly  flow  of  tha 
ice  in  Unet,  and  he  frankly  admitted  that  he  had  been  misled  by 
the  glaciated  appearance  of  "  the  W.N.W.  end  "  of  the  Heog  Hill. 
In  the  words  of  his  recent  letter,  tbough  he  noticed  the  bearings  of 
the  Btriee  right,  he  was  wrong  as  to  the  direction  of  the  drift 

3.  Mr.  Milne  Home  further  says:  "Unst,  however,  is  not  tli« 
only  inland  where  a  diecordanoe  exists  between  Mr.  Peach's  obser^a- 
liona  of  the  strite  and  those  of  Messrs.  Peaoh  and  Home.  Mr. 
Peach,  senior,  examined  Whalsay,  a  small  islaud  situated  a  feir 
miles  lo  Ihe  east  of  the  Mainland,  and  therefore  one  of  the  first 
spots  which  would  be  passed  over  by  the  alleged  Scandinavian  Ice- 
abcet.  Messrs.  Peach  and  Borne  say  of  this  island  that,  on  Iwth 
sides  of  it,  there  are  striations,  showing  an  average  movement 
towards  B.  38"  W.  On  the  other  hand,  Mr.  Peach,  senior,  says  that, 
not  satisfied  w'ith  taking  the  direction  of  the  slri^  at  places  wbera 
he  found  the  rocks  exponed,  he  removed  the  drifted  clay  and  stonee, 
in  order  to  obtain  a  fresh  surface ;  and  the  sotatobes  at  all  ths  places 
(he  says)  "run  nearly  east  and  west,' — which,  by  tme  beftrings, 
would  be  E.S.E.  and  W.N.W.  Here,  again,  is  discordance  between 
Mr.  Peach,  senior,  and  the  authors  of  the  paper." 

This  passage  is  an  example  of  the  curious  misapprehension  of  the 
&cts,  of  which  we  complain.  The  alleged  discordance  ia  utterly 
groundless.  Mr.  Milne  Home  here  confounds  Whalsay  with  the 
Outskerries  of  Whalsay,  which  lie  about  five  miles  to  the  E.N.E.  of 
that  island.  In  point  of  fact,  Mr.  Peach,  senior,  never  examined  the 
glacial  phenomena  of  Whalsay  at  all,  but  he  visited  the  Outfikerriee. 
Besides,  Mr.  Milne  Home  makes  another  serious  error,  amounting 
to  about  46°,  in  making  allowance  for  the  m^netic  variation.  Mr. 
Peach  states  in  his  paper  that  he  found  strite  only  at  two  localities 
in  the  Outskerries,  which  "ran  E.  and  W.'"  (magnetio).  By 
referring  to  the  table  on  a  preceding  page,  it  will  be  seen  that  in 
1864  E.  and  W.  magnetic  =  E.  24^"  N.  and  W.  24^"  S. 

In  the  course  of  pur  visit  to  the  Outskerries,  we  not«d  19  inetancea 
of  striations,  which  we  summarized  in  our  paper  as  fallows  :  "  In 
Gruna  the  strias  vary  from  8.  10°  W.  to  W.  42"  S. ;  in  Brury,  on  the 
top  of  the  highest  hill,  S.  35°  W.,  and  in  Housay  S.S.W.  U)  S.W." 
Instead  of  quoting  the  various  examples,  it  will  be  sufficient  for  our 
present  purpose  if  we  refer  to  some  on  Gruna,  opposite  the  light- 
bouse.  In  the  Bay,  east  of  the  lighthouse  keepers'  dwelling-houses, 
we  observed  several  examples  of  ice-uiarkings  pointing  W.  25"  S. 
The  difference,  therefore,  between  the  true  bearings  of  the  striations 
recorded  by  Mr.  Peach  and  those  we  noted  on  the  east  side  of 
Gruna  amounts  to  ^°.  Any  one  accustomed  to  map  glacial  striis 
>  Obol.  Mao.  1B66,  p.  343. 
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can  easily  understand  how,  in  a  group  of  scattered  islets,  the  direction 
may  vary  from  W.S.W.  to  S.W.  and  S.S.W.,  according  to  local  de- 
flections. 

Mr.  Milne  Home  questions  the  possibility  of  local  glaciers  giving 
rise  to  the  south-easterly  strias  on  the  east  coast  of  the  Mainland 
between  Lerwick  and  Dunrossness.  When  we  consider  the  high 
northern  latitude,  and  the  severe  Arctic  conditions  which  then 
prevailed,  there  is  nothing  improbable  in  the  supposition  that  local 
glaciers  existed  in  that  long  tongue  of  land  where  the  hilis  range 
from  500  ft  to  800  ft.  in  height.  The  moraine  heaps  and  morainic 
deposits  which  are  so  plentifully  developed  in  Shetland  as  surely 
point  to  the  existence  of  local  glaciers  as  the  large  mounds  in  our 
Highland  glens  and  in  the  upland  valleys  of  the  South  of  Scotland. 

In  his  concluding  remarks  regarding  the  strisB  on  the  eastern  sea- 
board of  Shetland,  Mr.  Milne  Home  states,  ''  that  so  far  from  con- 
firming the  theory  of  an  invasion  of  an  Ice-sheet  from  the  N.E., 
most  of  these  strisd  are  at  right  angles  to  that  direction."  To  this 
we  reply  that  out  of  197  instances  of  ice-markings  recorded  by  us  in 
XJnst,  Yell,  Fetlar,  Whalsay,  the  Outskerries  of  Whalsay  and  the 
eastern  seaboard  of  the  Mainland,  169  point  W.,  W.S.W.  to  S.S.W., 
while  38  point  in  a  south-easterly  direction. 

Mr.  Milne  Home  takes  exception  to  our  statement  that  the  ice- 
sheet  when  it  reached  the  crest  of  the  Mainland  veered  round  to  the 
N.W.  so  as  to  follow  the  path  of  least  resistance,  and  from  the  tenor 
of  his  remarks  he  has  evidently  misunderstood  our  argument.  To 
quote  from  his  paper,  **  Now  this  huge  mass,  it  is  said,  when  it 
impinged  on  the  Shetlands,  and  reached  the  crest  of  the  Mainland, 

*  was   deflected   by  the   opposing   high   ground,'  and   in   order  to 

•  follow  the  path  of  least  resistance,'  swung  round  io  the  N.W.  The 
Shetlands  form  a  group  whose  axis  is  N.  by  E.  and  S.  by  W.  If  it 
be  possible  to  imagine,  that  a  body  of  ice  of  the  above  gigantic 
dimensions,  bearing  down  on  these  Islands  from  the  N.E.,  could  have 
its  course  changed  by  impinging  on  them,  so  as  to  seek  the  path 
of  least  resistance,  its  jirogress  would  have  been  along  the  Eastern 
Seaboard  of  the  Islands  in  a  direction  S.  by  W.,  and  not  across  the 
backbone  of  the  Islands  in  a  N.W.  direction." 

We  endeavoured  to  show  that  the  ice- sheet  was  deflected  by  the 
opposing  high  ground  before  it  reached  the  crest  of  the  Mainland. 
In  fact,  the  deflection  along  the  eastern  seaboard,  suggested  by  Mr. 
Milne  Home  in  the  foregoing  passage,  is  what  we  believe  to  have 
been  the  case.  The  ice-sheet  as  it  impinged  on  the  Shetland 
frontier  was  deflected  towards  the  S.W.  and  S.S.W.  by  the  backbone 
of  the  group,  but  eventually  the  pressure  of  the  advancing  mass  was 
sufficient  to  compel  it  to  override  even  the  highest  hills,  and  on 
reaching  the  crest  of  the  Mainland,  having  surmounted  the  resisting 
high  ground,  it  naturally  veered  round  to  the  west.  Our  recent 
work  in  Orkney,  however,  enables  us  to  account  for  much  of  this 
northing  along  the  western  seaboard  of  Shetland.  The  Orcadian 
group  was  glaciated  by  Scotch  ice  moving  in  a  north-west  direction, 
and  the  latter  ice-sheet  must  have  had  a  considerable  influence  vw. 
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deflecting  the  Scandinavittn  mer  de  gloce  to  tlie  N.W.  on  tbe 
side.'  of  Shetland,' 

Mr.  Milne  Home  nest  proceeds  to  inquire  whether  the  atiiB 
support  ibia  movement  towarJa  the  N.W.  on  the  western  Genboanl. 
Again,  we  must  be  exoused  for  calling  attention  to  bis  misappreheii- 
Biou  of  the  facts.  The  various  examples  quoted  by  hira  do  not  bait 
on  this  question  at  all,  aa  they  occur  on  the  eatiem  »eaboard  of 
Northmavine  on  the  Mainland.  Northmavine  is  not  one  of  tbe 
'Westerly  islands,  but  the  northern  parish  of  the  Mainlani],  and  by 
referring  to  page  792  of  our  pnper,  it  will  be  seen  that  all  the 
instances  qnoted  by  him  (Gbol.  Mag.  p.  209)  are  clearly  ilescribe'l 
as  occurring  on  the  eastern  leaboard  of  Norlhiuaviue  in  tbe  Maii)- 

4.  The  various  boulders  cited  by  Mr.  Milne  Home  may  be 
satisfactorily  explained  by  the  theory  adroaited  in  our  paper,  save 
the  blocks  of  actinolite  schiKt  on  Paj«  Slour,  which,  according  to 
Hibbert,  oould  only  have  come  from  Eillswiok  Ness.  Mr.  Milne 
Home  asks  why  we  omitted  to  take  nolioe  of  the  boulders  recorded 
by  Hibttert.  and  the  answer  is  aimply  this  :  that  in  the  summar;  of  our 
work  whioh  appeared  in  the  QuarL  Journ.  of  the  Geol.  Soc.  wre  oon&ned 
ourselves  exclusively  to  our  own  observationg  on  the  glacial  phe- 
nomena. The  onsinRl  MS.  contained  a  deiiiiled  reference  to  Dr. 
Hibljert's  paper  "  Ou  the  Direi/tiou  of  llio  Diluvial  Wnve  in  the  Shet- 
land Isles." '  In  our  published  paper  we  merely  stated  the  concltt- 
eion  which  he  oame  to,  vis.  "  that  the  great  diluvial  wave  whicb 
Bwept  over  the  low  elevations  of  the  whole  of  Scotland  and  England 
had  in  the  latitude  of  Shetland  a  north-easterly  origin,  or  in  otbw 
words,  a  south-westerly  direction."  *  It  ia  somewhat  remarkabla 
that  Hibbert  should  have  arrived  at  this  conclusion  50  years  ago, 
merely  from  an  examination  of  the  boulders  lying  on  the  sniface. 
He  paid  no  attention  to  tbe  ice-markings  or  the  dispersal  of  the 
stones  in  the  Boulder-clay.  No  one  could  allege  that  he  was  pre- 
possessed in  favour  of  the  theory  that  Shetland  was  glaciated  by 
tjcandinavian  ioe.  And  yet,  almost  all  tbe  boulders  described  in  his 
paper  confirm  onr  conclusions  as  to  the  direction  of  the  ice-move- 
ment during  the  primary  glaoiation  1 

Following  the  order  in  Hibbert's  paper,  the  blocks  of  actinolite 
schist  on  Papa  Stour  fall  to  be  disoussed  first.  Though  we  examinetl 
every  mile  of  the  coast-line,  and  orossed  the  island,  we  did  not  li^t 
on  these  blocks,  but  we  have  not  the  slightest  doubt  that  tbey  are 
to  be  found.  Hillswick  Ness,  from  which  these  blocks  were  trans- 
ported according  to  Hibbert,  lies  about  12  miles  to  the  north-east 

'  Quart.  Joum.  Geol.  Soc.  toI.  xiiti.  p.  64S. 

'  Mr.  Milne  Home  seems  to  consider  the  acpsrat«  moTemente  of  the  uppOT  ind 
lower  portions  of  the  ice-sheet  oa  indicated  bv  the  strite  near  Felhaland  Point,  an 
"  eitraordlDarj  physical  phenomenon."  EyiJenoe  of  a  similar  double  moveuMnt 
has  he«n  obserred  by  Professor  Ramaaj  among  the  Yorkshire  hilla,  and  Professor 
Hull  hns  described  another  example  in  conneiion  with  the  Lough  Erne  ValLej. 
See  "  Physical  Geologr  aad  Qeogmphy  of  Ireland,"  hj  Prof.  Hull,  p.  239;  also  tea 
"  Great  Ice  Age,"  2nded.  p.  290. 

>  Ediu.  Joum.  Science,  toI.  iv.  p.  SB.  *  Q.  J.  G.  S.  vol.  uxt.  p.  779. 
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across  the  Bay  of  St  Magnus.     This  direction  is  at  variance  with 

all  the  striaB  we  noted  on  the  island  which  are  given  in  the  following 

list: — 

N.W.  on  east  side  of  Cnlla  Yoe — Head  of  the  Voe. 

N.  near  head  of  Cnlla  Voe. 

N.  er  W,  west  bank  of  Cnlla  Voe. 

N.  20"  W.  east  side  of  Cnlla  Voe. 

N.  20'  W.    ditto  ditto. 

N.  20**  W.  on  headland  month  of  Cnlla  Voe. 

N.  20''W.  ) 

N.  20"  W.   }  three  localities  at  month  of  Olas  Voe. 

N.  20»W.   J 

N.  28*  W.  west  bank  of  Olas  Voe. 

N.  20°  W.  on  promontory  abont  one  mile  east  of  Hamma  Voe. 

N.    4°  £.  near  previons  instance. 

N.    3^  W.  on  shore  west  of  Bay,  south  of  church. 

In  the  Boalder-clay  on  Papa  Stour,  numerous  striated  blocks  of 
the  altered  Old  Red  rocks  are  to  be  found,  which  were  derived  from 
the  area  occupied  by  these  rocks  between  Sandness  and  Bixetter 
Voe ;  thus  clearly  indicating  that  the  ice  which  produced  the  striae 
must  have  coine  from  the  south-east.  We  think  it  is  highly  pro- 
bable therefore  that,  in  a  region  where  the  rocks  are  so  highly 
metamorphosed,  bands  of  actinolite  schist  may  be  met  with  along 
the  track  of  the  Scandinavian  n^er  de  glace  as  indicated  by  the  striae. 
We  noticed  various  blocks  of  hornblendic  schist,  of  gneiss,  and  mica 
schist  on  the  island  brought  thither  from  the  centre  of  the  Mainland. 
But  even  though  these  blocks  of  actinolite  schist  came  from  Hills- 
wick  Ness,  it  would  not  invalidate  the  evidence  in  favour  of  the 
primary  glaciation.  It  would  only  point  to  a  later  movement  at 
right  angles  to  the  great  extension  of  the  ice.  By  referring  to  the 
map  accompanying  our  paper,  it  will  be  seen  that  we  have  noted 
striae  in  the  neighbourhood  of  Walls  and  Sandsting  pointing  towards 
the  S.W.,  at  right  angles  to  the  older  set.  Where  the  surface  is 
"  cross-hatched,"  the  latter  have  been  well-nigh  effaced  by  the  later 
glaciation.  By  means  of  this  later  movement  the  altered  Old  Red 
rocks  were  bonie  south-westwards  on  to  the  area  occupied  by  the 
Sandness  granite. 

Dr.  Hibbert  next  refers  to  the  Stones  of  the  Stefis,  near  the 
mansion  of  Lunna,  on  the  eastern  sea-board  of  the  Mainland,  which 
have  been  transported  a  mile  or  two  in  a  south-westerly  direction 
from  their  parent  source.  Thereafter  he  notes  the  occurrence  of 
large  fragments  of  serpentine  and  euphotide  on  the  east  coast  of 
Yell,  which  have  been  carried  from  the  islands  of  Unst  and  Fetlar, 
lying  to  the  east.  These  examples  confirm  our  own  observations 
regarding  the  south-westerly  movement  on  the  eastern  sea-board 
during  the  primary  glaciation.  The  blocks  of  primary  greenstone 
(diabase)  on  Roeness  Hill,  which  he  says  have  been  rolled  in  a 
southerly  or  south-westerly  direction  up  a  gradual  ascent  of  three 
or  four  miles,  entirely  support  our  conclusions.  These  boulders,  in 
our  opinion,  were  carried  uphill  by  the  Scandinavian  mer  de  (jlace 
in  a  south-west  direction  along  the  lines  indicated  by  the  striae  on 
the  eastern  seaboard  of  Northmavine.     The  boulder  on  RilU^vs^ 
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Ngss  is  Qomposeil  of  grHDite,  which,  according  b)  Hibbert,  waa 
"  removed  from  a  rock,  the  nearoBt  site  of  which  is  nbout  two  milei 
to  the  north."  But  tliia  boulder  might  quit*  well  bave  been  derived 
from  Biime  of  the  bosses  of  the  anme  luatt-nal  lying  at  a.  elightlj 
greater  distaace  to  the  eaet  and  nortb-east  of  Hillswick. 

Mr,  Milne  Home  also  cites  the  "return"  sent  in  by  Mr.  Russell  to 
the  Edinburgh  Royal  Society  Boulder  Committee  regarding  seTen 
bnuldera  of  granite  and  gneiae  in  Foula,  Mr.  Ruasell  suggests  that 
these  have  been  transportoil  from  Ciilawick  and  Delting  lying  tn  the 
north-east.  Ho  adds  that  from  tlie  middle  of  the  island,  at  a  height 
of  TOO  feet,  granite  and  gneiss  drift  occurs  as  far  as  the  south  end 
of  the  island.  Quotiug  from  tlie  siatiatical  account  of  Scotland.  Mr. 
Milne  Home  snys  the  island  is  (ximpoHed  of  Old  Red  Sandstone. 
He  is  evidently  not  aware  of  the  fact  that  Uie  enalem  part  of  the 
ishind  oonsista  of  gneissose  rocks  with  a  mass  of  gnmite  in  the 
north-east  corner.  We  believe  that  Dr.  Gibson  was  tlie  first  to  poiul 
out  that  tlie  Old  Red  Sandstone  of  Foula  was  thrown  againat  the 
crystalline  rocks  by  a  north  and  south  fault' — an  observation  whicfa 
we  confirmed.  The  granite  mass  resembles  the  rook  in  Sandsting, 
Bj  that  the  boulders  may  have  been  of  local  origin,  and  we  notri 
several  blocks  of  gneiss  of  local  origin.  We  iilsn  observed  that  the 
metamorphic  rooke  were  borne  towards  the  W.N.W,  and  N.W,  on  lo 
the  Red  Sandstone  area,  and  in  the  Boulder-olay  west  of  the  fault 
we  detected  a  block  of  epidotio  syenite  from  Dunrossnees.  Tbt 
later  glaciers  shed  from  the  hilk  carried  some  Old  Red  debris  on  to 
the  area  occupied  by  the  gneiss.  A  fine  series  of  moraines  with  the 
usual  concentric  arrangement  occurs  in  the  valley  draining  the 
north  end  of  the  island.' 

Mr.  Milne  Home  oaks,  how  the  occurrence  of  boulders  perched  on 
ridges  and  hill  tops  can  be  explained  on  the  supposition  of  a  great 
mer  de  glaee,  which  overrode  the  whole  islands  and  smothered  them 
in  ice.  To  this  we  reply  that  some  of  the  boulders  were  borne 
forwards  in  the  ground  moraine,  while  others  became  fixed  in  the 
tower  portions  of  the  ice-sheet,  and  were  likewise  carried  Eflong  by 
the  advancing  mass.  As  the  ice  melted  backwards,  the  blocks  anil 
angular  debris  were  stranded  at  the  localitiea  where  we  now  find 
them,  except  where  they  were  displaced  by  later  movements. 

I  Brit.  Aisoc.  Tteparto  for  1876,  p.  90.  Dr.  Gibson  statfs  thst  no  tonib  had  been 
found  in  the  Old  Red  Sandstone  toclu  of  Fuula.  We  were  fortunate  eaoDgti  to 
discover  nnmenma  Bpecimena  of  Pii/ophtfton  ^rineepi.  Das-son,  in  alialea  in  the  north 
of  the  island.  Sinutat  olanl^renuins  occur  in  the  sandstone  near  Lerwick  sud  Sand- 
lodge,  on  the  east  side  nl  Shetlaod. 

'  Had  «e  twen  disposed  to  refer  to  the  obserrations  of  others,  which  were  not 
corroborated  by  ourselves,  we  mif^ht  have  adduced  the  testimony  of  Mr.  Hilne  Home, 
ff^gardiu);  Norwegian  bouldeie  u  Shetland.  In  an  article  entitled  "  Are  ttiere  do 
boulders  in  Orkney  and  Shetland?,"  Nature,  vol.  ivi.  p.  478,  he  refers  to  certoia 
bouldera  reporlod  lo  the  Edin.  Roy,  Soc,  Boulder  Committee.  Under  the  heading 
"Bressay"  the  following-  Btatement  is  made;  "A  number  of  boulders  here,  of  > 
rock  foreign  to  the  island.  One  of  them  is  10  x  7  x  1  feet.  Supposed  to  have  been 
transported  from  Norway." 
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I. — On   tbb   Existence  of  the  Mastodon  in  Beoent  Times  in 

North  Amerioa. 

IN  his  Eeport  for  1880,  Prof.  John  Collett,  Ph.D.,  State  Geologist 
of  Indiana,  eays : — Of  the  thirty  individual  specimens  of  the 
remains  of  the  Mastodon  {Mastodon  giganteus)  found  in  this  State» 
in  almost  every  case  a  very  considerable  part  of  the  skeleton 
of  each  animal  proved  to  be  in  a  greater  or  less  condition  of 
decay.  The  remains  have  always  been  discovered  in  marshes, 
ponds,  or  other  miry  places,  indicating,  at  once,  the  cause  of  the 
death  of  the  animal  and  the  reason  of  the  preservation  of  the 
bones  from  decay.  Spots  of  ground  in  this  condition  are  found 
at  the  summit  of  the  glacial  drift  or  in  **  old  beds "  of  rivers 
which  have  adopted  a  shorter  route  and  lower  level,  consequently 
their  date  does  not  reach  beyond  the  most  recent  changes  of  the 
earth's  surface ;  in  fact,  their  existence  was  so  late  that  the  only 
query  is.  Why  did  they  become  extinct  ?  A  skeleton  was  discovered 
in  excavating  the  bed  of  the  canal  a  few  miles  north  of  Covington, 
Fountain  County,  in  wet  peat  The  teeth  were  in  good  preservation, 
and  Mr.  Perrin  Kent  states  that  when  the  larger  bones  were  cut 
open  the  marrow,  still  preserved,  was  utilized  by  the  bog  cutters  to 
**  grease  *'  their  boots,  and  that  chunks  of  sperm-like  substance,  2^in. 
to  3in.  in  diameter  (adipocere),  occupied  the  place  of  the  kidney 
fat  of  the  monster.  During  the  past  summer  of  1880,  an  almost 
complete  skeleton  of  a  Mastodon  was  found  six  miles  north-west 
from  Hoopston,  Iroquois  Coimty,  111.,  which  goes  far  to  settle  defi- 
nitely that  it  was  not  only  a  recent  animal,  but  that  it  survived  until 
the  life  and  vegetation  of  to-day  prevailed.  The  tusks  formed  each 
a  full  quarter  of  a  circle,  were  9ft.  long,  22in.  in  circumference  at 
the  base,  and  in  their  water-soaked  condition  weighed  175  pounds* 
The  lower  jaw  was  well  preserved  with  a  full  set  of  magnificent 
teeth,  and  is  nearly  8ft.  long.  The  teeth,  as  usual,  were  thickly 
enamelled,  and  weighed  each  from  four  to  five  poimds.  The  leg 
bones,  when  joined  at  the  knee,  made  a  total  length  of  5^ft.,  indi- 
cating that  the  animal  was  not  less  than  lift,  high,  and  from  15  to 
16ft.  from  brow  to  rump.  On  inspecting  the  remains  closely,  a  mass 
of  fibrous,  bark-like  material  was  found  between  the  ribs,  filling  the 
place  of  the  animal's  stomach ;  when  carefully  separated,  it  proved 
to  be  a  crushed  mass  of  herbs  and  grasses,  similar  to  those  which 
still  grow  in  the  vicinity.  In  the  same  bed  of  miry  clay  a  multitude 
of  small  freshwater  and  land  shells  were  observed  and  collected, 
which  were  kindly  determined  by  Dr.  F.  Stein,  as  follows  : — 1 . 
Pisidium,  closely  resembling  P,  ahditum,  Haldeinan.  2.  Valvata 
tricarinataf  Say.  3.  Valvota  resembling  V,  striata,  4.  Plnnorhis 
parvus,  Say.  The  shell-bearing  animals  prevail  all  over  the  States 
of  Illinois,  Indiana,  and  parts  of  Michigan,  and  show  conclusively 
that,  however  other  conditions  may  differ,  the  animal  and  vegetable 
life,  and  consequently  climate,  are  the  same  now  as  when  this 
Mastodon  sank  in  his  grave  of  mire  and  clay, — English  Mechanic, 
No.  847,  June  17,  Ibbl. 
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Ebuptivi;  Rooks  of  Hpngaiit.     By  Prof.  M.  Szabo. 

(Eitracted  from  the  "Comple  rendu  sl^nogmpliiiillo  dil  Congr^  iutpmiilitmiil"  il» 

GeoJogie,"  held  in  Paris,  Aug.  29-31  and  Si-pt.  2-4,  ISTH.)     Imp.  N«t.  1S80.' 

a  10  coulribute  to  the  solution  of  the  great  problem  raised  by  llie 
BtuJy  of  the  eruptive  rocks,  I  bftve  ilevuted  myeelf  to  tha 
Hliiological  and  geological  examination  of  llie  traobytio  district  of 
Hungary. 

Tbe  first  question  to  be  solved  was  this  :  Is  there  a  certain  relation 
lietween  the  miueralogical  coustitution  and  tbu  rulative  age  of  tlio 
different  trachytio  types  ? 

To  determine  these  types,  I  have  taken  as  a  starting-point  tbe 
niirieralugioal  association  which  they  present,  and  since  among  theit 
constituent  elements  the  felspars  play  a  predominant  part,  I  have. 
in  the  first  instance,  endeavoured  to  establish  a  prompt  and  easy 
method  for  the  determination  of  the  different  species  of  this  group 

One  of  the  first  results  of  these  i ii vest iga( ion B  has  been  to  abow 
that  instead  of  the  ten  series  of  felspars  establisbed  by  Tacbenuaok, 
one  may  be  contented,  so  far  as  the  trachytes  are  concerned,  with 
the  four  principal  epecies  generally  recognized  by  the  French  sohooL 

One  niiiy  then  dislitiguish  in  these  rocks  four  principal  types  eaoli 
characterized  by  the  nature  of  its  predominant  felspathio  element, 
viz.  ;  —  anorthite-lraeliyie,  labradoT'traehi/le,  oligoeUue-traehyle,  and 
orlhote-traehyle.* 

To  define  these  different  types,  however,  more  precisely,  it  ii 
needful  to  add  to  tbe  designation  of  the  felspar  an  enumeration  of 
the  principal  minerals  which  are  associated  with  it  in  each  of  tbe 
rocks.    Thns  we  have : — 

1.  AnorthHe-pyroxme-trdchyte,  characterized  also  by  tbe  absence 
of  black  mica  and  quartz ;  amphibole  is  not  excluded, 

2.  Labrador-miea-traehyte,  with  ampbibole,  with  or  without  quartz, 
with  or  without  pyroxene,  and  with  or  without  garnets  ;  in  this  rook 
the  ampbibole  plays  a  dominant  part. 

3.  Oligoclaie-mKa-amphiboU-lraehyte.  In  this  type  the  amphihols 
decreases  in  amount,  but  quaiiz  is  never  absent. 

4.  Orthoie-miea-traehyU,  always  aooonipanied  by  a  triolinio 
felspar  (generally  oligoclase).  Quartz  is  never  wanting,  but 
ampbibole  is  often  absent.  These  different  types  are  not  fixed; 
transitions  occur  between  them,  resulting  from  the  mixture  of  the 
felspathic  species  of  which  it  is  needful  to  take  account  in  a  more 
detailed  description. 

To  appreciat«  tbe  value  of  this  classification,  let  us  consider  the 
relative  age  of  the  Hungarian  trachytes.  All  geologists  agree  in 
recognising  that  the  phase  of  greatest  activity  in  trachytio  eruptions 
is  met  with  in  the  Middle  and  Upper  Miocene,  and  it  is  therefore 
possible  to  determine  the  age  of  the  various  types  of  these  rocks 
in  the  breccias  and  tuffs  containing  characteristic  fossils. 

■  Traaslstcd  by  Frank  Rutley,  F.Q.3. 

'  The  term  orthoae  iacludes  orthoclaae  and  lanidine. 
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I  have  always  noticed  that  the  micaceoas  labrador-trachytes  occur 
in  the  breccias  containing  fossils  of  the  Middle  Miocene  (Mediter- 
ranean stage)  ;  the  oligoclase- trachytes  and  the  orthose- trachytes 
are  also  met  with  sometimes  on  this  horizon,  bat  never  those  of  the 
anorthite-pyroxene  type.  This  indicates  that  the  latter  types  of 
trachyte  are  of  later  date,  llie  trachytic  tuff  containing  fossils  of 
the  Upper  Miocene  (6tage  Sarmatien)  consists  chiefly  of  anorthite- 
trachytes,  but  trachytes  of  the  other  types  may  also  be  recognized 
in  it,  and  we  may  therefore  conclude  that  this  anoi*thite-trachyte  is 
more  recent  than  that  containing  labradorite.  In  order  to  learn  the 
age  of  the  oligoclase-trachytes  and  orthose-trachy  tes  I  have  examined 
the  oldest  tuffs ;  and  this  question  is  now  limited  by  reason  of  the 
discovery  of  trachytic  fragments  in  the  Upper  Eocene  deposits  of 
Budapest,  associated  with  the  Nummulites  and  the  other  Foraminifera 
characteristic  of  this  formation  (etage) ;  these  trachytic  fragments 
are  orthose-trachyte.  In  the  district  of  Gran,  in  a  higher  horizon, 
which,  however,  still  belongs  to  the  Upper  Eocene,  one  meets  with 
sheets  of  oligoclase-trachyte,  two  or  three  metres  in  thickness, 
without  the  least  trace  of  labrador-trachyte  or  of  anorthite-tracbyte. 

llie  orthose- trachytes  and  the  oligoclase-trachytes  are,  therefore, 
the  oldest  rocks  of  this  eruptive  series,  while  the  anorthite-trachyte 
is  demonstrably  the  most  recent  As  an  additional  proof  of  this 
it  may  be  stated  that  the  anorthite-trachyte  traverses  all  the  other 
types,  but  is  itself  cut  by  none  of  them. 

These  observations  lead  to  the  following  important  conclusions: — 

1.  Contact  phenomena  exist,  and  at  the  limit  of  two  different 
types,  there  is  sometimes  a  mixture  of  the  minerals  belonging  to 
the  two  adjacent  types. 

2.  The  different  types  have  undergone  important  modifications, 
which  deserve  special  designations.  It,  therefore,  becomes  necessary 
to  recognise  a  normal  and  a  modified  condition  for  each  trachytic 
type;  while  the  older  the  type,  the  more  it  is  modified.  The 
anorthite-trachyte  is  the  one  which  most  frequently  occurs  in  a 
normal  condition. 

The  principal  modifications  are  known  by  the  following  names : 
rhyolite,  lithoidite,  trachytic-greenstone,  domite,  millstone-porphyry j 
alunite. 

Bhyolite,  accepting  the  t«rm  strictly  in  the  sense  in  which  it  has 
been  proposed  by  Richthofen,  comprises  obsidian,  perlite,  pitchstone, 
and  pumice ;  it  is  formed  last,  during  the  eruption  of  one  of  the 
most  recent  types  by  the  intervention  of  very  fusible  hydrated 
silicates,  and  it  is  these  hydrosilicates  which  for  the  most  part  give 
rise  to  fluxion  structure. 

The  presence  of  the  rhyolitic  modification  is  then  an  important 
character  for  determining  relative  age,  for  it  always  leaves  the 
supposition  of  the  existence  of  a  more  basic  trachyte. 

Of  all  the  types  the  orthose-trachyte  affords  the  most  perfect 
rhy elites,  the  oligoclase-trachyte  much  less  so,  while  the  labrador- 
trachyte  never  forms  either  obsidian  or  pitchstone,  but  it  becomes 
feebly  perlitio  and  pumiceous.  The  anorthite-trachyte  becomes  merely 
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pu  microtis,  and  aEsuvaes  an  appearance  which  Beudant  has  designated 
temi-ttitreoua.  It  is  aleo  often  possible  to  follow  the  tranaitiun  from 
the  noi-nial  to  the  rhyolitio  condition;  the  amphibole  and  augila 
being  the  first  to  disappear.  sinc«  they  are  the  niinenils  which  fuH 
moat  easily. 

Of  all  the  felspara.  orthoae  Ib  the  most  remarkable  for  potseBsing 
the  power  of  nndergoing  hydration.  This  it  does  more  easily  lh»a 
the  Boda  and  lime  felspars  ;  go  thnt.  in  the  obsidians,  pilchsluiiei, 
and  porphyritic  perlites,  where  we  find  qnartz,  mica,  and  felspar,  iha 
last  is  always  oligoclase,  while  the  jMtash  is  met  with  in  the  vitreous 

Litkoidite  is  the  product  of  devitrification  of  the  rh)'olitee. 
Trachytic-greatslone  haa  a  different  composition,  and  vnrieliea  of  it 
occur,  just  as  the  normal  trachytes  vary.  It  ia  possible  to  follow 
very  clearly  the  natural  transition  from  the  numial  condition  uf 
trachyte  tn  tliat  of  grcenstoue.  1'his  transilioa  results  from  eub- 
Eeqiient  solfalaric  action.  The  siiljihiirouB  and  uietallio  enianatioiu 
have  inipregnaled  a  certain  region  of  trachyte  of  one  or  another 
type,  producing  in  it  a  series  of  changes  whioh  are  elill  going  on. 
The  matter  resnlting  from  these  changes  has  given  rise  to  tbft 
formation  of  metalliferous  lodes.  The  name  traehylie-greenttanf  is 
Hseful  and  even  necessary  for  tlio  miner,  but,  for  the  geologist,  it  lins 
no  existence  as  a  speciai  formation ;  a  jiiojii/litit  eruption  has  nevi^r 
taken  place. 

Domile  is  a  modification  of  an  old  type,  caused  by  the  volcanic 
action  of  a  later  eruption,  especially  by  the  emanations  of  hydro- 
ohlorio  aoid  which  have  removed  the  iron  from  the  magnetite  and 
the  ferruginous  minerals,  but  which  has  not  altered  the  felspar, 
whioh  in  domite  is  always  glassy. 

MilUtone-porphyry  is  a  Biliceous  modification  of  an  earlier  trachytio 
type,  whioh  occurs  either  in  a  massive  condition,  or  in  the  form  of 
breccias  or  oonglomerates.  The  millstotie-porphyry  of  Sarospatak 
of  Beudant,  containing  well-preserved  sanidine  and  doubly -terminated 
pyramids  of  quartz,  ia  simply  breccia  containing  Middle  Miocene 
fossils. 

Altmite  is  the  modification  cansed  by  emanations  containing 
sulphuric  aoid,  which  decomposes  the  felspathio  silicates.  One 
always  finds  in  the  alunitea  masses  of  quartz,  millstone-quarli 
(Silex-meuli^re),  and  if  there  has  been  a  persistent  disengagement 
of  sulphuric  acid,  the  vapour  of  water  has  carried  off  the  alkaline 
sulphates,  and  the  sulphuric  acid  has  combined  with  the  alumins. 
In  this  way  the  kaolin,  which  always  accompanieB  alunite,  has  been 
formed.  I  have  found  silioified  wood  in  the  alunite  deposits  of 
Beregszaz,  and  the  remains  of  Upper  Miocene  Molluscs  at  Sarospatak. 

Regarding  the  trachytic  formation  as  a  whole,  it  should  be  con- 
sidered as  an  eruptive  unit,  and  may  be  termed  a  cycle  of  eruptitm. 
I  am  convinced  that  the  trachytes  of  Hungary,  those  of  Sevvia, 
which  are  but  a  continuation  of  them,  as  well  ae  those  of  the 
Enganeen  Hills  in  Italy,  belong  to  the  same  cycle.  They  are  con- 
temporaneoQB,  and  correspond   with  one  anotlier.      Thin  probably 


Seviews — J,  E.  Lee^s  Note-Book  of  a  Oeologist         377 

does  not  hold  good  for  the  trachytes  of  Auver^s^e,  and  for  those  of 
the  Grecian  Islands,  where  much  more  recent  cycles  of  eruption 
have  occurred. 

lliese  cycles  of  eruption  may  also  he  followed  hack  into  earlier 
times,  into  the  Secondary  epoch,  or  into  the  PalsBozoic  ages,  and  I 
have  already  satisfied  myself  that  the  series  of  felspathic  rocks  at 
different  periods  is  often  the  same. 

The  hasalt  of  Hungary  seems  to  he  an  episode  of  the  great 
trachytic  formation,  derived  from  a  lower  horizon,  hut  nevertheless 
related  to  the  trachytes.  In  Hungary  the  basaltic  eruption  has 
terminated  the  volcanic  action,  during  and  even  after  the  deposition 
of  the  couches  d  congMes  (Pliocene). 

The  anorthite- trachyte  forms  more  than  50  per  cent  of  the  trachytic 
mass;  the  lahrador-tracliyte  30  per  cent.,  the  oligoclase-trachyte  15 
per  cent.,  and  lastly  the  orthose-trachyte  5  per  cent.  The  first  of 
these  is,  therefore,  the  most  important,  inasmuch  as  it  still  forms  the 
highest  trachytic  mountains  of  the  district  (sometimes  with  an 
elevation  of  over  6000  feet) ;  moreover  we  may  for  the  most  part 
attribute  to  it  those  secondary  actions  which  have  modified  the  other 
types. 


I^  E  "V  I  E  "W  S. 


I. — NOTB-BOOK    OF    AN     AmATEUR    GEOLOGIST.       By    JOHN    EdWARD 

Lee.     pp.  90 ;  209  Plates.     (Loudon  :  Longmans,  Green,  &  Co., 
1881.) 

WE  must  confess  to  some  disappointment  in  turning  over  the 
pages  of  this  work,  but  our  disappointment  is  caused  by  what 
is  generally  considered  to  be  a  fault  on  the  right  side,  inasmuch 
as  the  author  in  his  text  has  given  us  far  too  little  of  his  personal 
experiences.  Few  men  have  seen  more  than  Mr.  Lee  of  sections 
and  districts  tliat  have  been  rendered  famous  by  the  descriptions 
given  of  them  by  our  leading  geologists;  and  if  he  has  for  the 
most  part  followed  in  the  footsteps  of  others,  he  has  himself  rendered 
good  service  to  science  by  the  magnificent  collections  he  has  made. 
In  his  museum  are  included  not  a  few  specimens  new  to  science, 
and  many  others  personally  obtained,  which  have  enlarged  our 
knowledge  of  the  fossil  fauna  and  flora  of  particular  districts.  Some 
of  them  are  shown  in  the  plates  now  before  us.  Nor  can  we  con- 
template the  illustrations  which  form  the  bulk  of  this  work,  without 
a  feeling  of  reverence,  taking  us  back  as  they  do  fifty  years  or  more, 
when  the  study  of  geology  was  cultivated  by  the  few,  mostly  men  of 
means  and  position. 

The  author  speaks  with  affectionate  regard  of  John  Phillips,  to 
whom  he  owed  his  earliest  geological  lessons,  and  in  whose  company 
he  spent  many  of  the  happiest  hours  of  his  life.  In  the  preface  to 
his  work  on  the  Palasozoic  Fossils  of  Cornwall,  Devon,  and  West 
(Somerset  (1841),  Professor  Phillips  acknowledges  the  assistance  he 
had  received  from  Mr.  Lee,  who  had  at  that  time  laboured  very 
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BucoeBsFully  among  tlie  Devonian  rooks.  In  previous  year*  Ihe  two 
frienrls  had  been  fallow- labourers  on  the  gwilogy  of  the  Nortli  uf 
England.  Mr.  Leo  attenileil  the  first  meeting  of  the  Brilisli  AbsocU- 
tinn  at  York,  and  in  1837  published  conjointly  wilh  Mr.  W.  H. 
Dikes,  F.G.S..  a  paper  on  the  Geology  of  Nettleton  Hill,  in  Lincob- 
shiru  (Msg.  Nat.  Hist.  Nov.  1837).  A  model  of  the  district  wm 
aluo  made,  and  a  plnster-cast  of  it  sent  to  the  Geological  Society  of 
London.'  Mr.  Lee  reprints  this  paper,  which  is  illustrated  by  two 
plnt«s. 

The  present  work,  which  is  really  a  "  retrospect  of  a  life's  work 
in  (geology,"  is  chiefly  made  up  of  lithographs  of  sketches  from  ilia 
author's  noto-book,  commencing  in  1829,  and  carried  on  with  somg 
breaks  to  1 880.  These  are  aooompanied  by  dosuriptive  ootes.  for 
the  most  part  brief,  and  a  number  of  woodcuts.  The  illustrationi 
being  placed  in  chronological  order,  there  is  naturally  no  gysteni. 
Tlie  majority  of  them  are  diagramniatia  sections,  some  are  piciorisl; 
but  not  a  few  appear  too  meagre  to  desei've  a  place  in  the  collection, 
being  no  doubt  of  personal  interest  to  the  author,  and  snch  as  might 
be  drawn  on  a  black-board  to  illustrate  a  leolure,  but  which,  taken 
with  the  brief  descriptions  given,  do  not  convey  sufBcient  infonus'  | 
tioH  to  justify  their  publication.  Plate  xxxi.  Raised  beach,  near 
Hope's  Nose,  might,  with  a  little  more  detail  in  the  drawing,  huvtt 
been  made  a  more  JDBtruotive  diagram :  while  Plat«  xxxiv.  showing 
joints  in  the  £xet«r  (New  Red)  Conglomerate  is  rather  perplexing 
for  want  of  more  natural  delineation.  Plate  xii.  Junction  of  the 
Lias  and  Old  Red,  near  Liawerry,  includes  representatives  of  the 
Rhestio  Beds  (undistingntBhed,  it  is  true,  when  the  section  wai 
made  in  1864),  but  their  indication  would  have  been  useful  to  the 
student.  The  junction  is  said  to  be  of  Lias  and  Old  Red  Sandstone 
— but  are  not  the  lowest  beds  marked  "Red  Marl  "  the  Kenper? 

Plate  Iv.  Slannie  Quarry,  north  of  St,  Fagans,  marked  "Lias  on 
F-ermian,"  shows  no  New  Red  rocks,  nor  have  Permian  strata  been 
determined  in  the  area.  Plate  cxx.  "  Contortions  in  Drift,  eto.,  near 
Old  High,"  should,  we  presume,  be  Old  Eithe,  between  Bnnton  and 
Wey  bourn- 
Mr.  Lee  introduces  us  to  many  sections  in  Scotland.  There  is  a 
good  diagram  of  Ardtun  Head,  Mull  (Plate  xlvi.) — a  spot  which 
is  not  very  easy  of  access,  for,  as  Mr.  Lee  remarks,  "  We  had,  in 
the  first  place,  to  otobb  the  whole  of  the  iBland  of  Hull  in  a  fieros 
rain,  and  slept  at  Bunessan.  Early  the  next  moraing  the  walk  from 
this  place  to  Ardtun  Head  was  anything  but  pleasant,  from  the  im- 
mense quantity  of  water  which  had  fallen  and  thoroughly  soaked  the 
moorland  district.  ,  .  ,  The  only  way  of  examining  the  Beclion 
was  by  descending  a  sort  of  crack  or  ohink,  which  was  not  particu- 
larly agreeable,  wilh  the  roaring  waves  in  sight  below,  but,  neverthe- 
less, it  was  accomplished,  and  amply  repaid  the  trouble  and  risk." 
Other  sections  in  Ireland  are  described,  and  Mr.  Lee  takes  as  to 
many  instructive  geological  localitiea  on  the  continent. 

I  These  are  referred  to  in  Prof.  Jndd'a  paper  on  tlie  lincoliulute  Volda,  Qoiit. 
JouTD.  G«al.  8oo.  Tol.  uiii.  p.  228, 
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)iight  to  do  Mr.  Lee  the  justice  to  mention  that  in  puhlishing 
tches,  his  sole  object  has  been  to  record  facts.  He  says,  "  there 
a  single  theoretical  diagram  amongst  them/'  each  sketch 
nts  what  was  actually  seen,  and  hence  they  lack  the  clearness 
ly  published  sections  which  represent  the  continuation  of 
too  often  concealed,  or  in  other  woi*d8,  what  ought  to  have 
)en ;  though  we  must  not  forget  that  many  published  longi- 

sections  simply  give  the  explanations  or  opinions  of  the 
ider.     Under  such  circumstances,  Mr.  Lee*s  efforts  are  praise- 
,  while  open  to  the  objection  of  not  always  being  sufficiently 
t. 
).  87  Mr.  J.  E.  Lee  acknowledges  the  assistance  of  Mr.  C 

Bate,  F.R.S.,  who  has  contributed  notes  upon  two  crustaceans 
^  the  subjects  of  plates  cciv.  and  ccv.  It  is  rather  unfortunate 
.  Lee  that  his  friend  seems  to  have  been  unacquainted  with 
ell-known  fossil  crustacean  (pi.  cciv.)   so   abundant  in   the 

Greensand  of  Atherfield,  Isle  of  Wight,  figured  in  Bell's 
Crustacea,  Pal.  Soc.  Mon.  1862,  pt.  2,  p.  32,  pi.  x.  as  Meyeria 
's  ;  but  which  Mr.  Spence  Bate  erroneously  names  MecochiruB 
»,  M'Coy, — a  minute  Oxford  Clay  Crustacean  from  Wiltshire 
hich  this  Greensand  fossil  has  nothing  to  do. 
riticize  the  work  in  a  severely  scientific  point  of  view  has  not 
)r  been  our  object.     In  turning  over  its  pages  we  cannot 

from  heartily  sympathising  with  the  author:  for  we  feel 
I  that  geology  is  largely  indebted  to  him  and  others  whose 
enthusiasm  in  science  acts  as  a  spur  and  encouragement  to 
geologists,  and  may  be  an  example  to  those  more  advanced 
•8. 


)URNAL  OF  THE  RoYAL  MiOROSCOFIOAL  SOOIKTY.     Scr.  2,  Vol.  I. 

Part  3,  June,  1881. 
DES  much  valuable  information  on  new  forms  of  microscopic 
fe,  and  on  microscopes,  their  associated  apparatus,  and  their 
is  of  use,  detailed  in  the  various  papers  and  abstracts  of  papers, 
d  in  this  June  Number  of  the  R.  M.  Society's  Journal  (at 
$81  ~  387,  and  p.  649)  an  interesting  and  carefully  prepared 
b  of  the  fossil  Diatomacea  of  the  London  Clay,  discovered  by 
Shrubsole,  F.G.S. ;  a  coloured  lithograph  is  supplied  in  illus- 
.  These  are  in  a  pyritized  condition,  and  are  very  abundant 
lower  part  of  this  formation,  in  a  particular  zone  (366  feet 
le  surface  at  Southend),  extending  over  several  square  miles, 
ppey,  and  in  the  neighbourhood  of  London.  They  appear, 
)  the  well-diggers,  as  *'  shining  spots  "  in  the  dry  clay,  "  as  if  it 
m  dusted  with  powdered  sulphur,  and  sparkling  in  sunlight." 
method  of  separating  these  minute  mineralized  bodies  from 
y  is  given,  together  with  remarks  on  their  occurrence  in  tho 
it  sections  and  well-diggings  that  were  specially  examined. 
8  parts  of  the  diatomaceous  zone,  the  clay  is  somewhat  laminated 
ir  presence.  The  pyrites  has  wholly  replaced  the  original 
n  the  majority  of  specimens  examined,  but  occasionally  some 
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individuals  partially  retaining  thetr  siliceoas  condition  bave  bMu 
discovered,  especially  by  Dr.  Boseey,  wbose  description  of  tlis 
metliod  best  adopted  for  their  isolation  is  also  given. 

Mr.  Kitten  aupplies  a  list  of  tbe  genera  and  speeiea  recognized  bj 
him.  Among  tbese,  Coteinodiecun  supplies  by  far  the  gre'iteat  num- 
ber. Dr.  BoBeey,  Dr.  Stolterfoth,  Mr.  G.  D.  lirown.  and  Mr.  Shrub- 
Bole  have  met  with  other  forms,  also  enumerated  here.  Eighteen 
genera  altogether  have  been  observed. 

At  page  387,  Mr.  Eittoii  makes  a  very  valuable  observation,  not 
uniooked  for  in  some  quarters,  namely,  the  ocourrenco  of  Diatomt  m. 
the  Clrnlk,  as  stated  by  Ehrenbsrg.  is  undoubtedly  erroneous;  ilia 
few  forma  figured  by  him  being  from  froHb-water,  and  probably 
qiiito  recent  That  there  may  liave  been,  and  probably  were, 
Dialoms  in  ti»e  Chalk,  and  subsequently  oonverted  into  calcic  tar- 
bonate  (according  to  Sollas),  is  duly  stated  iu  a  note  at  the  fool  of 
the  same  page. 

Some  geolojijieal  notes  ooonr  also  in  the  excellent  "  Summary  of 
Current  Researches,"  etc.,  with  which  the  enthusiastic  Editor  an'! 
his  energetic  Assistants  enrich  the  Jonrnal,  Notices  of  the  fossil 
Bryozoa  (Polyzoa)  of  New  Zealand,  by  Rev.  J,  E.  Teni  son -Woods,  and  | 
of  Australia  by  A.  W".  Waters,  are  given  (pp.  429  and  430) ;  and  are  ^ 
appropriately  associated  with  remarks  by  \V.  A.  Huswell,  on  twenlv- 
seven  new  forms  from  the  Queensland  coast  (p.  439).  Dr.  G.  5. 
Hinde's  fossil  Sponge  Spicules  from  the  Chalk  (p.  471).  and  Green's 
Foromini feral  banks  in  the  Isl»  of  Ely  (p.  473),  are  also  referred  to. 

T.  H.  J. 


Oeolooioal  Sooibty  of  Losdok. 
June  22, 1881.— Robert  Etheridge,  Esq.,  F.R.S.,  President,  ia  tha 
Chair. — The  following  oomniunioations  were  read  : — 

1.  "  Description  of  a  new  Species  of  Coral  from  tha  Middle  Liai 
of  Oxfordsbire."     By  R.  F.  Tomes,  Esq.,  E.Q.S. 

The  species  of  Coral  described  in  this  paper  was  referred  by  the 
author  to  the  genua  Thamnaiiraa  and  the  subgenus  Sgnaalraa, 
under  the  name  of  Thantnaitraa  Walfordi,  in  honour  of  its  dia* 
ooverer,  Mr.  E.  A.  Waiford,  The  speciraen  was  from  the  Spinnitu- 
beds  of  the  Marlstone,  at  Aston-le- Walls,  Oxfordshire.  Like  TAarn- 
tKoatrma  Etheridgei,  previously  described  by  the  antbor  (Q.J.O.S* 
xxxiv.  p.  190)  from  the  Middle  Lias  of  Oxfordshire,  this  species 
presents  the  same  aubgenerio  characters  as  T.  arachnoidet  of  tha 
Coral  Kag  of  Steeple  Ashtou ;  and  the  author  remarks  upon  tha 
fact  that  the  only  species  known  from  the  English  Lias  resemble 
Corallian  rather  than  Inferior -Oolite  forms. 

2.  "Note  on  the  Occurrence  of  the  Remains  of  a  Cetacean  in  tho 
Lower  Oligocene  Strata  of  the  Hampshire  Basin."  By  Profl  J.  W. 
Judd,  F.R.S.,  Sec  as.     With  a  note  by  Prof  H.  G.  Seeley,  F.R.S. 

The  author  referred  to  the  rarity  of  remains  of  marine  Mammalia 
in  the  Lower  Tertiai-ies  of  Britain,  the  only  recorded  species  being 
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lodon  WanJcJyni,  Seeley,  from  the  Barton  Clay.  The  single 
[men  in  his  possession  was  obtained  at  Boydon,  about  a  mile 
a  half  north  of  Brockenhurst,  where  the  beds  exposed  in  the 
cyard  consist  of  sandy  clays  crowded  with  marine  fossil ^^,  and 
ng  upon  green  freshwater  clays,  with  abimdance  of  Unto  Solandri 
nging  to  the  Headon  series.  The  author  briefly  referred  to  the 
ition  of  the  horizon  of  these  deposits,  which  he  regards  as  belong- 
to  the  same  great  marine  series  as  the  beds  of  Brockenhurst  and 
dhurst,  which  he  holds  to  be  Tongrian  or  Lower  Oligocene. 
he  Cetacean  vertebra  obtained  by  Prof.  Judd  was  stated  by  Prof, 
ey  to  be  a  caudal  vertebra,  probably  the  eighth,  but  not  later 
I  the  twelfth,  of  a  species  belonging,  or  closely  related  to  the 
IS  BalcBnoptera,  and  especially  approaching  Balcenopiera  laticeps, 
ecies  of  the  North  Sea,  which  appears  to  range  to  Japan.  Prof, 
ey  regarded  it  as  representing  a  new  species,  which  he  named 
Enoptera  Juddii. 

"  Description  of  a  Peat-bed  interstratified  with  the  Boulder- 
b  at  Oldham."     By  G.  H.  Hollingworth,  Esq.,  F.G.8. 
he  author  described  a  deposit  of  peat  interstratified  with  Boulder- 
t,  exposed  in  a  railway-cutting  at  Bhodes  Bank,  Oldham.     The 
th  of  the  section  was  only  14  feet,  and  it  showed : — 

1.  Soil 8  to  10  inches. 

2.  Boulder-clay,  with  beds  and  strings  of  peat   2  to  6  feet. 

3.  Main  bed  ot  peat,  containing  mosses,  exogenous  stems, 

and  beetles 2  inches  to  1  ft.  9  in. 

(average  16  inches). 

4.  Fine  blue  clay  (floor) 2  inches  to  1  foot. 

5.  Cunt'nt-bfdded  coarse  sand  and  fine  gravel    4  inches  to  2  feet. 

6.  Boulder-clay. 

The  mosses  in  the  peat  are  of  northern  type. 

.  **  Silurian  Uniserial  i^iomatoporm  and  Ascodictyn,^'  By  G.  E. 
e,E8q.  Communicated  by  Prof.  P.  Martin  Duncan,  F.R.S.,  F.G.S. 
or  the  genus  Stomatopora  the  name  Alecto  has  priority ;  but  as 
i  had  previously  been  applied  to  a  member  of  the  class  Echino- 
nata,  the  author  preferred  the  later  name.  Species  of  the  genus 
e  also  been  described  under  the  generic  name  Aulopora*  The 
lor  has  received  from  Mr.  Maw  more  than  two  hundredweight  of 
bed  debris  of  Wenlock  shale,  about  thirty  pounds  of  which,  from 
Ive  localities,  he  has  examined.  It  contains  a  moderate  amount 
Polyzoan  remains,  generally  water- worn.  The  author  described 
following  species : — Stomatopora  inflata  and  diasimiliSf  Asco* 
yon  stellatum  and  radians  (with  a  variety  Siluriense),  and  dis- 
led  the  characters  of  the  genera. 

.  "Note  on  the  Diamond-fields  of  South  Africa."  By  E.  J. 
in,  Esq.  Communicated  by  Prof.  Ramsay,  F.R.S.,  F.G.S. 
'he  passes  or  necks  of  decomposed  gabbro,  etc.,  at  the  Kimberley, 
tfontein,  and  other  diamond  mines  have  now  been  excavated  tii  a 
nderable  depth,  and  have  allowed  excellent  sections  of  the  sedi- 
itary  beds  through  which  they  have  broken  to  be  examined, 
se  are  generally  but  little  disturbed,  and  may  be  traced  over  an 
i  of  many  square  miles.     Immediately  beneath  the  surface  are, 
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genernlly,  jrellowieh  shales,  with  reroains  of  small  SanrianB ;  and 
beneatli  these  a  mses,  oerlniiily  more  tlrnn  a  hondfed  feet  tJiiolc,  of 
block  carbonaceouB  shttlcs,  with  ocoitaional  thin  bands  of  coaL  It » 
found  that  the  diamonds  are  more  abundant  and  of  better  qnalit}' 
when  lbs  level  of  the  black  shales  is  reached.  It  seems,  tberefore, 
not  improbable  that  the  carbon  reqliisite  for  the  formation  of  din- 
roonds  ivns  obtained  from  these  shales.  Some  other  points  of  minor 
interest  were  also  noted  in  this  paper. 

6.  "  On  a  new  Comatixia  from  the  Kelloway  Roclt."  By  P.  H. 
Carpenter,  Esq.,  M.A.,  ABsiafant  Master  at  Eton  College, 

The  specimen,  to  which  the  anlbor'a  attention  was  called  by  R. 
Etheridge,  Jan.,  Esq.,  is  in  the  National  Collection ;  lie  propustiS  for 
it  the  name  AeiinomatTa  eollovientit.  The  specimen  is  from  the 
Kelloway  rook,  of  Sutton  Bengcr;  the  whole  diameter  is  15  mm.; 
dinmeter  of  oentrodoreal  '6  mm.  Three  species  of  this  genus  are 
already  known  from  the  Britiwh  Jurassic  rocks  ;  two  are  only  known 
fi-om  their  centrodorsals,  which  are  each  different  from  that  of  A, 
calloviensii ;  the  third  is  A,  cheltoneHsit,  from  the  Inferior  Oolite, 
known  only  by  its  radials  and  basals,  which  are  different  from  those 
of  the  present  specimen.  To  this  Antedtm  IHeleli,  from  the  VaJangian 
of  the  continent  has  some  resemblanoe.  It  is,  bowever,  a  true  Aflino- 
melra,  differing  cbit-flj  from  existiiig  forms  in  retaining  its  primary 
basals  without  their  having  undergone  Iransforiiiation  into  a  rosette. 

7.  "Descriptive  Catalogue  of  Ammonitee  from  the  Sherborne 
District."     By  Sydney  S.  Buckman,  Esq. 

In  this  paper  the  author  p^ve  a  list  of  the  Ammonites  from  the 
Inferior  Oolite  of  the  neighbonrhood  of  Sherborne,  in  which  be 
enumerated  about  47  species,  and  stated  that  he  bad  about  SO  more 
which  appear  to  be  nndescribed ;  fully  one-half  have  the  mouth- 
termination  perfectly  preserved.  The  author  indicated  the  zones 
into  which  the  rocks  furnishing  these  Ammonites  could  be  divided, 
as  shown  at  Obome,  near  Sherborne,  at  Wyke  Quarry,  and  at 
Bradford  Abbas,  and  indicated  the  characteristic  fossils  of  each; 
he  also  gave  the  principal  synonyms  of  the  species  referred  to, 
and  disouBsed  some  of  their  characteristic  peculiarities. 


coiaifcESFOia'Psia'CBi. 

THE   PLIOCENE   BEDS   NEAB   CBOHER. 

Sm, — I  have  read  with  mnch  interest  the  address  of  my  colleague, 
Mr.  Blake,  of  which  an  abstract  was  given  in  the  Qeol.  Mag.  for 
June.  There  are,  however,  one  or  two  points  in  it  to  which  I  mnst 
take  exception.  Mr.  Slake  may'  be,  and  probably  is,  right  in  con- 
sidering that  the  Weyboum  Crag  is  the  equivalent  of  the  Chillesfora 
Clay,  but  I  have  avoided  correlating  them,  for  at  present  there  does 
not  appear  to  be  any  satisfactory  evidence  either  for  or  against  this 
view.  The  exact  correlation  of  the  different  Pre-gladal  soils  is  also 
very  unsafe,  and  near  Cromer  probably  incorrect. 

\Vith  regard  to  the  division  between  Pliocene  and  Pleistocene, 
Mr.  Blake  brings  forward  no  evidence  for  altering  the  line  I  have 
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provisionally  drawn ;  and  until  some  reason  is  given,  I  think  the 
Leda  myalls  Bed  may  be  left  with  the  Crag.  A  land  surface,  as  we 
know  from  the  Purbecks  and  Coal-measures,  does  not  necessarily 
mark  a  break  in  the  series.  < 

While  agreeing  with  Mr.  Blake  that  the  term  ''  Forest  Bed  '*  isja 
misnomer,  the  suggested  alteration  to  "  Rootlet  Bed  *'  seems  a  good 
deal  worse.  As  well  might  we  class  together  the  London  and 
Oxford  Clays,  because  at  the  present  day  the  roots  of  the  same 
species  of  trees  penetrate  both.  The  rootlets  of  the  Forest  Bed 
penetrate  whatever  happens  to  be  underneath  them ;  sometimes  the 
Wey bourn  Crag,  sometimes  higher  beds.  Even  if  names  are  not 
quite  correct,  it  is  better  to  accept  them  with  a  slightly  altered  mean- 
ing than  to  npset  all  our  nomenclature  for  every  fresh  theory. 
Therefore  I  think  the  name  "Cromer  Forest  Bed,"  having  now  been 
in  use  for  over  50  years,  ought  not  be  changed,  but  should  be  ac- 
cepted with  the  meaning  that  it  consists  of  a  series  of  sub-aerial, 
lacustrine,  and  estuarine  beds  formed  in,  and  from  the  debris  of,  a 
forest-clad  country. 

Mr.  Blake  uses  the  name  "  Bure  Valley  Beds  *'  for  what  was 
termed  the  Leda  myalis  Bed ;  but  I  have  already  shown  that  Messrs. 
Wood  and  Harmer's  typical  Bure  Valley  fauna  comes  from  the  Wey- 
boum  Crag  beneath,  instead  of  above,  the  Forest  Bed,*  while  at  present 
the  Leda  myaHs  Bed  has  not  been  recognized  in  the  Bure  Valley. 
The  test  of  thickness  is  of  no  value  in  these  shallow-water  beds; 
for  after  they  have  once  reached  the  sea-level,  they  may  remain  for 
an  indefinite  time  without  either  erosion  or  deposit.  In  our  British 
Pliocene  beds  it  should  be  remembered  we  have  only  the  feather 
edge  of  a  formation,  which  must  be  much  thicker  where  the  water 
was  sufficiently  deep,  and  perhaps  might  equal  the  700  or  800  feet 
of  the  Sicilian  Newer  Pliocenes.  I  am  astonished  at  Mr.  Blak«?'s 
statement  that  the  thickness  of  the  beds  between  the  Cromer  Till 
and  the  Chalk  never  exceeds  30  feet ;  the  average  measured  thickness 
exceeds  that  amount,  and  at  Happisburgh  I  have  reason  to  believe 
that  the  Forest  Bed  alone  is  more  than  60  feet,  for  I  have  dredged 
and  found  it  in  place  in  10  fathoms  near  the  shore,  and  it  extends 
upwards  to  high  water.  Clement  Rkii). 

Hornsea,  Hull,  6th  June^  1881. 

OBLIQUE    AND    ORTHOGONAL    SECTIONS. 

Sir, — If  Mr.  Day  will  examine  the  figure  given  with  his  letter 
in  the  March  Number  of  this  Magazine,  he  will  perceive  that  Mr. 
Fisher's  *  cavils '  are  well  founded.  Not  only  has  Mr.  Day  inter- 
changed the  symbols  a  and  0,  but  his  angle  <^  has  no  connexion 
whatever  with  anything  in  Mr.  Fisher's  paper.  Mr.  Fisher  might 
no  doubt  have  given  a  simpler  proof  of  each  of  his  equations  (2)  and 
(3)  by  the  method  indicated  by  Mr.  Day,  but  one  figure  would  not 
then  have  sufficed  for  the  whole  proof. 

Mr.  Day's  suggestion  of  casting  a  shadow  in  sunlight,  in  order  to 
find  the  form  of  outcrop,  is,  as  Mr.  Fisher  readily  admits,  useful,  but 
he  does  not  tell  us  how  to  carry  out  the  inverse  process,  viz.,  given 

>  See  Gbol.  Mao.  Dec.  XL  Vol.  IV.  p.  300 ;  wid\o\.\ll.^.^\^. 
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an  ontorop,  fo  find  form  of  fhrrow  \  an  operation  to  whioh  Mr. 
Fisher's  equations  are  at  onoe  applicable.  Tlie  rest  of  his  lemtiki 
appear  to  have  been  written  in  great  haste,  and  aie  ringolariy 
inaccurate.  Does  he  mean  to  say  that  when  he  has  again  intev- 
changed  a  and  j9>  bis  equation  proved  on  p.  142  even  looks  like 
Mr.  Fisher's  equation  (2)  ?  inS^in,  how  oan  he  snppoee  that 
(p.  142, 1. 10)  Mr.  Fisher  assumes  the  trail  to  lie  in  one  plane,  when 
it  has  been  expressly  stated  to  lie  in  a  "surface  whioh  may  be 
formed  out  of  a  folded  plane."  His  figure,  on  p.  142,  represents  an 
altogether  different  set  of  angles  to  Mr.  Fisher's.  It  can,  however, 
be  used  to  prove  equation  (2)  if  the  following  deaoription  be  sub- 
stituted for  that  given  in  the  text 

Let  A  By  CD  be  horizontal  lines  in  the  inclined  plane. 

AFfBE lines  perpendicular  to  the  inclined  plane. 

CD £F  a  horizon tBd  plane. 

CE  a  line  of  strike,  supposed  horizontal. 
Then  ^CD  =  a;        BDE^ff;        BCD  —  ^ 

And  tan  ^  =  ^  = ^j^ —  =  cos  ^  tan  a. 

Christ's  Colliob,  Cambridoe.  A.  F.  ObitfitK. 

Colliery  Explosions. — A  Parliamentary  paper  whioh  was  issued 
yesterday  throws  very  impoi*tant,  and  in  one  point  unexpected,  light 
on  the  causes  of  colliery  explosions.     After  the  Seaham  accident  last 
Sept.  Sir  William  Harcourt  requested  Prof.  F.  Abel,  the  chemist  to 
the  War  Department,  to  report  on  some  samples  of  dust  which  had 
been  collected  in  the  workings  where  the  explosion  took  place.    Prof. 
Abel  has  now  reported  the  results  of  his  experiments,  which  entirely 
confirm  those  which  Mr,  W.  Galloway  has  described  to  the  Royal 
Society.     Mr.  Galloway  showed  that  though  a  mixture  of  air  and 
coal  dust  was  not  explosive,  it  became  so  when  a  very  small,  and 
apart  from  the  coal  dust,  an  innocuous,  quantity  of  fire-damp  was 
mixed  in  the  air.     Prof.  Abel's  expenments  show  that  not  coal  dust 
only,  but  any  dust,  even  calcined  magnesia,  will  act  in  the  same 
wa}'.     The  proportion  of  fire-damp  which  is  needful  to  bring  dust 
of  any  kind  into  operation  as  an  exploding  agent  is  below   the 
f^mallest  amount  which  can  be  detected  in  the  air  of  a  mine,  even 
by  the  most  experienced  observer,  by  the  means  at  present  in  use. 
Coal  dust  shows  a  tendency  to  become  inflamed  and  to  propagate 
flame  when  it  comes  in  contact  with  a  large  volume  of  flame,  such 
as  is  made  by  the  firing  of  a  shot,  and  may  thus  convey  the  fire 
from  a  safe  part  of  a  mine  to  an  unsafe  part.     These  discoveries, 
which  finally  confirm  a  long  existing  opinion,  impose  a  new  duty 
on  colliery  owners  and  inspectors.     They  offer  an  explanation  of 
many   mysterious  colliery   accidents,   and   suggest    the    means    of 
preventing  them  in  the  future.     There  are  two  sources  of  explosion, 
and  we  have  been  only  guarding  against  one  of  them.     Henceforth, 
it  is  not  only  fire-damp,  but  what  we  may  call  fire-dust^  that  must 
be  looked  after,  and  a  great  decrease  of  explosions  will  probably 
result. — Daily  Neios,  June  21,  1881. 
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I. — Note  on  somx  Gasteropoda  from  the  Portland  Hooks  of  the 

Vale  of  Wardour  and  of  Buoks. 

By   WiLFKID    H.    HUDLESTON,    M.A.,    F.G.S., 
President  of  the  Geologists*  Association. 

(PLATE    XI.) 

FOB  many  years  English  palasontologists  were  content  with  the 
limited  number  of  Portlandian  Gasteropoda  described  by 
Sowerby — principally  from  internal  casts — in  Fitton's  celebrated 
paper  on  the  ''Strata  below  the  Chalk."  Other  authors  have 
described  a  stray  species  here  and  there  :  still  the  list  wtts  scanty, 
and  not  only  scanty  but  indefinite ;  and  many  ingenious  guesses 
haye  been  hazarded  as  to  the  true  affinities  of  such  species  as 
Buectnum  angtdatum,  and  Buccinum  naticoidea. 

Until  a  very  short  time  ago  the  following  may  be  regarded  as  a 
full  list  of  the  Gasteropoda  of  the  Portland  limestones  of  this  country, 
viz.  BiAccinum  angtdatum,  Sow.,  Buccinum  naticoides,  Sow.,  Natica 
elegana,  Sow.,  Cerithium  Fortlandicum,  Sow.,  C,  concavuniy  Sow., 
Neritoma  stnuosa,  Morr.  (Sow.),  Pleurotomaria  rugata,^  Benett.  Of 
these,  "  Buccinum  naticoides  "  (?  Ampullaria  elongata,  Benett)  is  stated 
by  Damon  to  be  one  of  the  prevailing  fossils  of  the  Hoche.  Mr. 
Blake  also  notes  it  as  one  of  the  fossils  of  the  building  stones  of 
Portland  Isle.  It  is  presumable,  therefore,  that  a  form  does  exist 
to  which  this  name  may  apply,  though  its  affinities  have  never 
been  investigated.  The  identifications  in  other  districts  seem  to 
me  very  doubtful,  and  in  many  cases  are  probably  nothing  more 
than  squeezed  casts  of  Natica  elegans,  Bu4:cinum  anguiatum  is  better 
known  to  collectors,  though  hitherto  only  found  as  a  cast  It  is 
certainly  not  Pteroceraa  Oceania  as  has  been  suggested  by  some,  and 
its  true  position  and  affinities  have  long  remained  a  subject  for 
speculation.  Should  the  conjecture  hazarded  below  prove  to  be 
correct,  the  corresponding  shell  will  have  been  found  at  last. 

Thus,  out  of  seven  species  enumerated,  one  is  very  doubtful, 
whilst  correct  descriptions  of  some  of  the  others  are  wanting.  Yet, 
until  the  appearance  of  Mr.  Blako's  paper,'  this  was  all  the  informa- 
tion available  with  respect  to  the  Gasteropoda  of  our  Portland  Hocks 

*  It  is  scarcely  worth  while  to  include  Littorina  paueituleata,  Phillips,  in  this  list. 
«  Portland  Rocks  of  England,  Q.J.G.S.  (1880)  p.  226. 
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as  far  as  oonld  be  dednoed  from  the  works  of  English  anihoxB.  Oi 
the  Continent  greater  attention  had  been  paid  to  ue  mbject^  and  thi 
Portlandian  fauna  of  the  neighbourhood  of  Boulogne  leoeiTed  ampb 
illustration  at  the  hands  of  De  Loriol  and  Pellat  Up  to  the  presnt 
time,  about  21  speoies  of  (gasteropoda  have  been  ennmerated  bf 
those  authors  from  the  Upper  Portlandian  of  Boulogne,  and  siffl 
more  from  the  very  fossiliferous  Lower  Portlandian  (sone  of  Jm. 
gigas).  Some  of  these  Mr.  Blake  has  reoognized  in  oar  English 
Portland  Books,  whilst  he  has  himself  oontiributed  other  species  to 
the  list ;  of  these  latter  the  most  important  is  the  well-marked  and 
rather  abundant  Natiea  ineiea. 

On  the  whole  it  is  evident  that  the  fauna  of  the  Portland  Lime- 
stones of  England  is  not  so  restrioted  as,  a  few  years  ago^  people 
were  content  to  suppose,  but  it  is  peouliar,  and  it  is  to  some  of 
these  peculiarities  that  I  would  direct  attention  in  the  pieaent  com- 
munication. 

As  the  concluding  stage  of  the  Jurassio  system  the  e&ots  of  the 
impending  change  would  naturally  be  felt;  the  marine  area  was 
becoming  more  restricted,  and  a  number  of  creatures  foond  them- 
selves impounded  in  shallowing  lagoons,  and  had  to  make  the  best 
of  the  circumstances.  To  a  certain  extent  some  of  the  Portland  Beds, 
especially  in  the  Vale  of  Wardour,  may  be  really  reganled  as  the 
precursors — not  only  in  time  but  in  type — of  the  Purbecks :  that 
is  to  say,  they  were  semi-estuarine,  or  fluvio-marine.  This  may  serve 
to  account  for  the  indefinite  character  of  some  of  the  fossils  and  the 
difficulty  of  placing  them  generically.  It  is  certain  that  the  Port- 
land Rocks  of  the  Vale  of  Wardour,  and  more  or  less  of  other 
districts,  divide  naturally  into  two  very  distinct  types. 

The  principal  type  is  thoroughly  marine.  This  is  the  one  best 
known  to  geologists ;  it  is  characterized  by  large  Ammonites,  and  by 
a  fair  quantity  of  very  large  bivalves,  such  as  Pecten  lamellosuSf  Car- 
dium  dissimile,  Trigonia  gihhosa,  etc.  The  species  are  few,  and  the 
specimens  too  often  occur  as  internal  moulds  only ;  still  the  general 
facies  is  very  recognizable,  and  is  the  one  which  is  to  be  seen  in  the 
majority  of  quarries,  where  people  have  been  content  to  pick  up  a 
few  of  these  big  ugly  fossils,  and  to  come  away  with  the  notion  that 
little  else  was  to  be  obtained.  It  should  be  observed  that  some  very 
interesting  fossils  have  been  fou.nd  of  late  even  in  this  type  of  rock. 

Far  otherwise  is  the  facies  of  the  second  type,  which  may  possibly 
have  been  connected  with  the  discharge  of  some  river.  It  is  dis- 
tinguished by  one  or  more  species  of  Certthium  in  great  abundance, 
together  with  Neriioma  stnuosa  and  Cyrena  rugosa  in  greater  or  less 
quantity.  Sometimes  all  three  are  present ;  occasionally  one  or  the 
other  may  be  rare  or  absent.  With  these  are  associated  some  of  the 
shells  of  the  first  or  megalomorpbic  type — but  always  much  smaller — 
together  with  many  species  not  found  in  the  first  type.  It  is  very 
interesting  ground  for  the  palaeontologist,  in  those  beds  where  the 
shells  have  been  preserved,  and  it  is  in  this  direction  that  we  may 
hope  in  future  to  enlarge  the  list  of  Portland  fossils. 

All  the  indications  go  to  show  that  considerable  difference  of  con- 
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ditions  prevailed  during  the  deposit  of  these  two  sets  of  calcareous 
rocks,  Uiough  perhaps  it  is  nowhere  so  strongly  marked  as  in  the 
Yale  of  Wardour,  where  the  following  may  be  regarded  as  the 
complete  sequence  between  the  Purbecks  and  the  Kimmeridge  Clay  in 
desoending  order : — 

1.  Upper  CyrenoAtedB  (Uppermost  Porilandian),  where  all  the  fossils  oci^ur  as 
carts,  80  that  specific  identifioatioii  is  rendered  difficult.  Ceriihium  Portland- 
ieum  is  the  characteristic  uniyalve.     Neritoma  ainuota  occurs  sparingly. 

2.  The  chalky  series.  This  is  thoroughly  marine,  and  contains  the  usual  large 
Portlandian  fsuoa,  along  with  some  lorms  which  strike  one  as  somewhat 
peculiar. 

3.  The  Cyrma-heds—properly  so-called.  This  group,  which  is  somewhat  yariable, 
hut  usually  occurs  in  tbree  olocks,  haying  a  total  thickness  at  the  maximum  of 
about  eight  feet,  constitutes  the  most  interesting  feature  in  the  Vale  of  Wardour. 
Here  the  Cfyrena  type  attains  its  most  complete  deyelopment,  and  fortunately  the 
shells  are  in  an  exceptional  state  of  conseryation.  Perfect  specimens  of  Cyreua 
rugo$a  are  to  be  had  in  abundance,  and  with  these  are  associated  Ceriihium 
eoneavum,  8ow.,  occasionally  in  great  numbers,  together  with  many  interesting 
imiyalyes  and  bivalyes,  some  of  which  are  described  in  the  sequel. 

4.  The  main  building  stones.  Beds  of  gritty  limestone  with  much  glauconite, 
containing  the  usual  large  Portlandian  niuna.  There  seems  to  be  a  considerable 
break  at  me  top  of  this  series,  whilst  below  it  graduates  into 

5.  Impure,  subcalcareous  sands  and  clays,  with  b^nds  of  Trigonia  and  other  fossils 
at  interrals. 

In  Bucks  the  equivalents  of  the  Cyrena-heds  are  not  so  well 
marked,  and  Cyrena  itself  is  hardly  known  to  me.  But  there  are 
indications  of  peculiar  conditions  which  may  especially  be  noted  in 
the  nppermoBt  beds  of  the  series,  and  in  portions  of  the  "  creamy 
limestones,"  where  Oasteropoda  are  more  than  usually  numerous  on  a 
certain  horizon  in  particular  quarries. 

It  is  hoped  that  the  above  brief  explanation  may  render  the 
geological  position  of  the  fossils  about  to  be  described  pretty  clear  to 
those  who  care  to  investigate  the  subject. 

1.  PuBPUROiDBA  POBTLANDioA,  sp.u.     Plate  XI.  Figs.  la,  16. 

Dt'seription, — Specimen  from  the  Portland  limestone  of  Ashendon, 

Bucks. 

Length  68  millimetres. 

Width     42        „ 

Length  of  body-whorl  to  entire  shell 70  :  100. 

Spiral  angle  78°. 

Shell  short,  subturrited,  angular,  scarcely  umbilicated.  Spire, 
about  five  whorls,  separated  by  a  suture,  which  becomes  very 
deep  anteriorly.  The  contour  of  each  whorl  is  angular;  upper 
margin  tabulate  and  terminating  in  a  salient  border  or  keel  from 
which  the  sides  fall  steeply,  and  even  with  a  certain  amount  of 
excavation,  towards  the  lower  keel,  which,  except  in  the  body-whorl 
and  a  portion  of  the  penultimate,  is  hidden  by  the  overlap  of  the 
succeeding  whorl.  These  keels  were  strongly  tuberculate;  the 
tuberculation  commencing  in  the  third  or  fourth  whorl,  and 
increasing  till  in  the  posterior  keel  of  the  body-whorl  the  orua- 
mentation  was  very  decided. 

The  body-whorl  occupies  about  i^-ths  of  the  total  height  of  the 
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shell,  and  preserres  the  angnlor  oatliiie  of  the  rat  of  flio  wdn. 
The  second  or  median  keel  diTidea  it  aoinewhat  imeqiuJIy.  lUi 
keel,  though  probably  leaa  tabenndated,  waa  more  prominent  Urn 
tbe^  upper  one :  below  it  the  body-wborl  tqpen  nq^y  towaida  Ai 
anterior  margin.  The  apertnie  ia  wide  and  araii-oivatab  wittoik 
much  excavation  of  the  odlomeUa,  whioh  waa  opvend  by  a  oaDm 
of  some  extent  The  only  trace  of  an  unbilioQa  ia  a  dlpxt  gnioit 
towards  the  base  of  the  columella. 

The  ornaments  of  this  fine  ahell  were  donbdeaa  mote  pmnineok 
originally.  The  tuberonlationa  have  been  softened  down,  and  dl 
traces  of  finer  lines,  if  any  saoh  existed,  hare  been  ramoved.  Ite 
whole  appearance  of  the  foasQ  indioatea  that  it  haa  aoflhrad  ftoas  a 
sort  of  solvent  action,  and  the  anterior  portion  ia  not  anflleiently  wsD 
preserved  to  show  the  notch. 

ItelatioM  and  DiiiribuHmL—Ti  it  be  admitted  that  the  ahell  aboie 
described  is  entitled  to  be  ranked  in  the  aabgenna  of  Pmnmra  called 
Pnrpuroidea  by  Lyoett,  it  is,  aooovding  to  oar  prsaent  knowIedgBi 
the  only  representative  of  the  Parpuroids  in  the  amermoat  JnraMS 
rocks.  The  group  has  not  hitherto  been  known  eiflier  in  Wngjaiid 
or  on  the  Continent  on  a  higher  horiion  than  the  Ooral  Bu!»  As 
might  be  anticipated,  the  nearest  allied  forms  appear  to  be  tboae  of 
the  P.  nodulata  group.  The  proportions  of  Young  and  Bird's  species 
are  nearly  the  same  as  in  this  case,  but  the  contour  of  the  whorls 
differs  materially,  perhaps  fully  as  much  as  does  the  ornamentation. 
On  the  other  hand,  some  persons  might  be  disposed  to  erect  iVrpv- 
roidea  Porilandica,  PBeudomdania  pereincia,  Natiea  rugo$a  and  even 
Natica  inciaa  into  a  genus  having  Naticoid  affinities,  but  which 
possess  also  other  characters  which  can  scarcely  be  reconciled  with 
those  of  Natica.  If  Purpurotdea  Partlandtca  should  ultimately  be 
shown  to  have  an  anterior  groove,  it  must  be  removed  from  the  other 
three,  whose  apertures  are  certainly  entire  anteriorly. 

The  specimen  now  figured  was  found  most  probably  in  the  ''  creamy 
limestones  '*  of  Mr.  Blake's  classification,  and  is  at  present  unique  as 
a  shell.  Nevertheless  it  is  extremely  probable  that  this  is  the  external 
form  of  Bucdnum  angulatum,  which  Sowerby  describes  as  **  fusiform, 
short ;  sides  of  spire  straight ;  the  last  whorl  has  one  keel  in  the 
middle;  aperture  rhomboidal  with  a  short  rounded  beak."  The 
small  amount  of  slope  in  the  sides  of  the  spire  is  very  characteristic 
of  P.  Porilandicaf  and  the  median  keel  is  another  connecting  feature. 
It  should  be  noted  that  in  the  specimen  from  Ashendon  a  portion  of 
the  shell  is  broken  away  near  this  keel,  so  as  to  disclose  the  cast,  and 
we  at  once  observe  that  the  mark  of  the  keel  in  the  cast  is  not  at  all 
equal  to  the  prominence  of  that  on  the  shell.  This  disposes  of  the 
possible  objection  that  the  keel  of  P.  Portlandica  was  much  too  stroug 
for  the  cast  with  whioh  it  is  sought  to  identify  it. 

Bucdnum  anguiatum  is  pretty  common  in  the  Boche  of  Portland, 
and  has  been  noted  in  the  uppermost  Portland  stone  of  Swindon. 
Should  it  turn  out  to  be  the  cast  of  the  species  above  described,  P» 
Portlandica  becomes  P.  angvlata,  Sow.,  and  its  distribution  coincident 
with  that  hitherto  ascribed  to  Bucdnum  angulaUnm. 
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2.  PsETJDOMELANiA  ?  PBROiNGTA,  sp.n.    Plate  XI.  Figs.  2a,  2b. 

Description. — Speoimen  from  the  Cyrena-heds  of  Alford  Qimrry, 
near  Tisboiy. 

Length  (restored) 43  millimetres. 

Wifih 24        „ 

Length  of  last  whorl  to  entire  shell     60 :  100. 

Spiral  angle    62*. 

Shell  oblong,  angular,  not  umbilicated.  Three  whorls  and  part  of 
a  fourth  remain ;  the  complete  number  would  be  about  six.  Spire 
moderately  elevated,  with,  probably,  a  fairly  acute  apex.  Whorls 
Tery  angular,  the  posterior  border  being  channeled,  though  not 
deeply.  Sides  of  the  whorls  almost  flat,  with  a  tendency  towards 
hollowing  out  in  the  anterior  ones ;  slope  of  each  whorl  regular  and 
nearly  in  accordance  with  the  spiral  angle.  In  the  posterior  whorls 
the  median  keel  is  probably  concealed  by  overlap,  but  it  is  very 
characteristic  of  the  body-whorl,  which  occupies  about  -^rths  of  the 
spire.  Entire  shell  smooth,  as  far  as  can  be  learnt  from  its  present 
condition ;  aperture  oval,  and  somewhat  elongate,  and  but  moderately 
excavated  in  the  columellar  region.  Shell  substance  thick.  Hardly 
a  trace  of  an  umbilical  groove. 

Bdations  and  Distribution. — It  is  perhaps  more  difficult  to  fix  the 
generic  position  of  this  peculiar  shell  than  of  the  preceding  species. 
It  has  strong  affinities  with  a  well-known  form  which  occurs  in  the 
Dogger  and  Scarborough  Limestone  (Inf.  Ool.)  originally  figured  by 
Phillips  (G.Y.  pi.  iv.  fig.  29)  as  Phasianella  cincta,  and  afterwards 
described  by  Morris  and  Lycett  (Ool.  Mol.  p.  113,  pi.  xv.  fig.  20)  as 
Naticaf  (Euspira)  cincta.  We  are  apt  to  regard  Euspira  as  a  sub- 
genus of  Natica,  yet  neither  this  nor  Phillips's  species  has  the 
semilunar  aperture  of  that  great  group.  A  more  remotely-allied 
form,  with  a  shorter  spire,  htts  been  described  from  the  Lias  of 
Bedcar  by  Tate  and  Blake  (Yorkshire  Lias,  p.  349,  pi.  x.  fig.  13).  as 
Natica  purpuroidea,  "  which  is  evidently  congeneric  with  Ampullaria 
anguLatOy  Dunk.,  quoted  by  Brauns  under  Furpurina." 

Such  forms  seem  to  have  affinities  on  the  one  hand  with  the 
Naticas,  but  yet  more  strongly  with  the  so-called  Phasianellas, 
Chemnitzitts  and  Pseudomelanias,  and  only  await  further  recognition 
to  be  placed  in  a  distinct  genus,  whose  appearance  may  probably  be 
held  to  indicate  partly  estuarine  conditions.  Throughout  the  long 
interval  between  the  Scarborough  Limestone  and  the  Portlandian  no 
such  form  is  known  to  me  in  the  Jurassic  rocks  of  this  country ; 
but,  after  making  due  allowance  for  difierences  of  mineralization, 
one  might  be  disposed  to  admit  such  a  shell  as  Natica  Beaugrandi, 
Lor.  (Jurass.  Sup.  de  Boulog.,  vol.  i.  p.  92,  pi.  viii.  fig.  22),  from  the 
Upper  Portlandian  of  La  Creche,  into  the  group. 

3.  PsETJDOHELANiA  BUQOSA,  sp.u.    Plate  XI.  Figs.  6a,  6&. 

Description,  —  Specimen  from  the  "creamy  limestones'*  near 
Aylesbury,  Bucks. 

Shell  oblong,  angular,  rugose,  not  umbilicated.  The  spiral  angle 
is  between  70®  and  75°,  but  the  spire  itself  is  too  much  injured  for 
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proportional  mea^QTements  in  so  rugged  a  shelL  The  height  of  Um 
body- whorl  is  eyidenUy  considerable  in  proportion  to  the  rert  of  tfas 
spire,  and  the  sides  preserve  the  same  slope.  A  "very  strong  keel 
is  developed  a  little  above  the  middle  of  the  whorl,  to  whkdi  it  thai 
imparts  an  angular  oharaoter.  The  upper  part  of  the  whcni  is  en^ 
vated,  whilst  the  anterior  portion  tapers  rapidly  to  the  haae.  Tb 
entire  shell  is  ornamented  with  broad  transverse  ribhingy  probaUy 
decussated  by  fine  longitudinal  (t.e.  transverse  to  the  azia)  lixies :  ia 
the  body- whorl  this  transverse  ribbing  is  subdivided  by  what  looks 
like  exaggerated  lines  of  growth.  Shell  substanoe  very  thick: 
aperture  oval  to  semilunar.    Searoely  a  trace  of  nmbilicna. 

Relaitona  and  DistributioiL — ^This  very  onrious  shell  migjht  almost 
be  taken  as  the  type  of  these  Natico-Chemnitaoid  forms,  having 
affinities  with  Paeuaomelania  perdneta,  on  the  one  hand,  and  with 
Nattca  incisa,  next  to  be  descnbed,  on  the  other.  The  g^enl  oon- 
tour  of  the  shell,  and  especially  the  strong  median  keel,  oonneots  it 
with  the  first  named,  and  the  almost  totid  absence  of  an  nmbQiflal 
groove  is  a  further  bond  of  union.  On  the  other  hand  the  aperture  is 
more  naticoid,  and  the  rugose  habit  of  the  shell  rather  serves  to  oonneot 
it  with  Natiea  indscL,  If  we  are  to  regard  it  as  a  N<Uiea,  it  may  he 
looked  upoi^  as  exhibiting  an  extreme  phase  of  the  angular  varieties 
of  that  genus,  and  in  the  great  development  of  the  median  keel  it 
affords  an  instance  of  the  tendencies  of  the  period,  felt  in  more  than 
one  group  of  shells,  and  which  received  its  supreme  expression  in 
Neritoma  ainuoaa. 

No  other  specimen  has  yet  been  found. 

4.  Natioa  incisa,  Blake,  1880.     Plate  XI.  Figs.  4a,  46. 

Natiea  ipicisa,  Blake,  1880,  Q.J.G.S.  Tol.  xxxvi  p.  229,  pi.  iz.  figs.  1,  la. 

Bibliography,  etc, — This  species  was  first  noted  by  Mr.  Blake  in 
the  '^ creamy  limestones"  of  Coney  Hill  and  Quainton  in  Bucks, 
associated  with  Natiea  ceres,  Lor.,  to  which  he  considered  it  to  be 
somewhat  nearly  related. 

Description, — Specimen  from  the  C^yrena-beds  of  Alford  Quarry, 
near  Tisbury. 

Length 26*5  millim^trofi. 

Width    22 

Length  of  body-whorl  to  entire  shell 70  :  100. 

Spiral  angle 88*. 

Shell  ovate,  subangular,  moderately  umbilicated.  Spire  rather 
short,  with  sharp  apex :  it  consists  of  about  five  whorls,  separated 
by  a  well-marked  suture ;  posterior  margin  of  each  whorl  flat  and 
indented.  Body-whorl  large,  subangular,  and  characterized  by  a 
broad  depression  running  longitudinally  (i.e.  transverse  to  the  axis 
of  the  shell)  along  the  upper  part,  so  as  to  produce  a  slightly 
bicariuated  appearance.  The  deep  sulci  on  the  tabulate  posterior 
margin  of  the  whorls  may  be  traced  across  the  flanks  of  the  shell ; 
bet  woe  a  these  are  finer  lines  of  growth :  general  aspect  of  the 
ornamentation  slightly  rugose  (often  softened  down  by  action  of 
solveuts),  with  traces  of  fine  longitudinal  lines.      Aperture  wide 
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and  semilunar,  with  a  thick  callus  on  the  columella :  considerable 
umbilical  gproove. 

Belations  and  Distribution, — As  before  stated,  this  shell  has  been 
r^arded  in  its  relations  with  Natica  ceres,  which  is  said  to  be 
common  in  the  Upper  Portlandian  of  Wimereux.  It  is,  however, 
less  globular,  has  a  smaller  spiral  angle,  is  more  rugose,  and  would 
seem  to  attain  to  a  larger  size.  Natica  ceres,  according  to  our 
present  knowledge,  is  confined  in  this  country  to  a  limited  horizon 
in  the  "creamy  limestones"  of  Bucks,  whilst  the  species  under 
consideration  has  a  wider  range.  In  an  opposite  direction  its 
affinities  with  such  a  form  as  Ps.  rugosa  have  been  already  indi- 
cated, yet  it  is  decidedly  more  Naticoid,  and,  although  differing 
•omewhat  from  the  typical  Natica,  may  be  regarded  as  belonging 
to  a  section  of  that  genus  exhibiting  peculiar  modifications.  There 
is  a  form,  for  instance,  in  the  Lower  Lias  of  the  East  of  France, 
figured  and  described  by  Piette  (Terq.  and  Piette,  p.  31,  pi.  i.  fig. 
15-16)  as  Natica  plicata,  which,  as  far  as  the  figure  goes,  possesses 
considerable  resemblance  to  Natica  incisa.  It  is  difficult  to  ascertain 
how  nearly  the  two  are  related,  since  the  description  of  N.  plicata 
would  seem  not  to  coincide  exactly  with  the  figure  :  yet  it  is  evident 
that  Natica  plicata  of  the  Lower  Lias  is  a  member  of  this  section  of 
the  genus. 

Natica  incisa  is  pretty  widely  distributed  on  a  certain  horizon  in 
the  "  creamy  limestones  "  of  Bucks,  and  is  tolerably  numerous  in  the 
Cyrena-beds  of  the  Vale  of  Wardour,  where,  perhaps,  the  average 
size  of  the  specimens  is  greater  than  in  Bucks.  Mr.  Blake  quotes 
it  from  the  Portland  Sand  of  Portland,  where  it  would  seem  to  be 
a  little  out  of  place,  as  there  is  no  record  of  its  occurrence  in  the 
limestones  except  those  belonging  to  the  Cyrena  type.  Something 
like  it  occurs  in. the  Roche,  but  the  specimen  is  too  imperfect  to 
be  referred  to  N.  incisa  with  certainty. 

5.  Natioa  blegans,  Sowerby,  1835.     Plate  XL  Figs.  8a,  86. 

Natica  elegans,  Sowerby,  1836,  in  Fitton,  Trans.  Geol.  Soc.  2nd  ser.  vol.  iv.  p.  347, 
pi.  23,  fig.  3. 

This  well-known  species  is  merely  introduced  for  purpose  of 
comparison  with  the  other  forms.  It  possesses  a  somewhat  higher 
spire  (angle  about  84°)  than  Natica  incisa,  and  the  median  keel  of 
the  body-whorl  is  scarcely  perceptible.  The  posterior  border  of  the 
whorls  is  markedly  tabulate  without  being  indented :  the  contour 
of  the  shell  is  very  regular,  and,  as  its  name  implies,  elegant :  the 
ornaments  consist  of  fine  lines  of  growth  often  exquisitely  preserved. 

N.  elegans  is  very  abundant  in  the  "  creamy  limestones  "  of  Bucks, 
where  specimens  from  10  to  70  millimetres  in  height  may  be 
obtained,  showing  the  same  character  notwithstanding  such  differ- 
ences in  size.  I  have  never  seen  any  other  than  small  specimens 
from  the  C^rena-beds  of  the  Vale  of  Wardour,  but  casts  of  Natica 
elegans  of  considerable  size  occur  in  some  of  the  Portlandian  beds  of 
that  locality.  It  is  one  of  those  forms  which  seem  common  to  both 
types  of  Portland  limestone. 
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6.  Chsmnitzia  TKRE8,  Bp.u.    Fkte  XL  Kgs.  So,  Sft. 

Deseriptum. — Specimen  from  the  Cyrena-bedB  of  Ohilmark  Quariy. 

Length   .•••.. • • ••••  85 miUiiiifttEW* 

Width    16       „ 

Length  of  body- whorl  to  entire  shell 46*:  100. 

Spiral  angle   85*. 

Shell  moderately  elongate,  oonioal,  BubtarritecU  not  mnbilioatad. 
The  spire  increases  under  a  regular  angle  of  S£^»  and  connstB  of 
about  nine  whorls  (seyen  preserved),  which  are  well  aepaiated  hj 
the  suture.  The  posterior  portion  of  each  whorl  is  distingaished  by 
a  rounded  projection  or  belt,  which  serves  to  conoeal  the  satore,  and 
gives  a  somewhat  turrited  aspect  to  the  spire ;  the  whorls  have  a 
shallow  submedian  excavation.  Body-whorl  smooth  and  regolary 
with  a  slight  excavation  in  the  posterior  third.  The  entire  sihell  is 
devoid  of  ornament  (in  its  present  condition)  other  than  faint  lines 
of  growth  on  the  body-whorL  Aperture  ovate ;  columella  but  little 
excavated,  and  not  much  covered  by  callus ;  no  trace  of  an  mnbiliooi. 

Belations  and  Distribuiion. — ^This  very  pretty  and  regular  speoieB 
is  most  nearly  related  to  MelatUa  ahhremataf  Bosm.  (OoL  Q«b.  p.  159, 
pi.  X.  fig.  4),  subsequently  recognized  and  described  by  De  lioriol 
( Jurass.  Sup.  de  Boulogne,  vol.  i.  p.  80,  pi.  viii.  figs.  2  and  3)  from  the 
Sequanien  of  Bellebrune,  and  noticed  by  me  as  occurring  in  the  Lower 
Calcareous  Grit  of  Cumnor,  near  Oxford.  It  especially  resembles 
that  species  in  the  prominent  belt  at  the  posterior  margin  of  each 
whorl,  which  almost  conceals  the  suture.  It  differs  from  that  species 
in  its  rounder  and  softer  outlines,  in  the  inferior  value  of  the  spiral 
angle,  and  in  the  regularly  conical  form  of  the  spire.  The  belt  at 
the  posterior  border,  which  characterizes  all  the  whorls  up  to  the 
very  apex,  may  serve  to  distinguish  it  from  other  species  of  the  so- 
called  Cbemnitzias. 

This  form  is  tolerably  abundant  in  the  C^rena-beds  of  some  parts 
of  the  Vale  of  Wardour,  but  the  state  of  conservation  is  usually 
indifferent.     It  has  not  been  found  elsewhere,  as  far  as  I  know. 

7.  Chemnitzia  natiooides,  sp.n.     Plate  XL  Figs.  10a,  106. 

Description. — Specimen  from  the  Cj^r^a-beds  of  Chilmark  Quarry. 

length    20  millimetres. 

Width     12 

Length  of  body-whorl  to  rest  of  shell 67  :  100. 

Spiral  angle    60"*. 

Shell  sub-conical,  moderately  elongate,  not  umbilicated.  Spire 
composed  of  about  five  whorls,  smooth,  well-defined  by  suture,  and 
increasing  regularly ;  no  belt  distinguishes  these  whorls,  which  are 
slightly  excavated.  The  body-whorl  is  scarcely  tumid,  and  has  a 
shallow  depression  in  the  upper  third,  which  gives  emphasis  to  a  slight 
and  well-rounded  median  keel.  Aperture  ovate  to  semilunar :  not 
the  least  trace  of  an  umbilicus. 

Relations  and  Distribution, — There  is  really  so  little  to  lay  hold 
of  in  a  shell  of  this  sort  that  its  affinities  can  only  be  guessed  at.  It 
may  indeed  be  a  dwarf  of  some  form  already  known  in  other 
countries.  Both  it  and  the  next  described  form  are  found  sparingly 
in  the  Cyrena-beds  of  the  Vale  of  Wardour. 
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8.  Chehnitzia  decussata,  sp.n.      Plate  XI.  Figs.  11a,  116. 

Description, — Specimen  from  the  Cyrena-heda  of  Ghilmark  Quarry. 
This  form  differs  from  the  one  last  described  chiefly  in  the  more 
strongly  defined  belt  encircling  the  upper  portion  of  each  whorl,  and 
in  the  ornamentation,  which  is  very  obvious  at  the  base  of  the  shell ; 
the  aperture  also  is  more  oval,  and  there  are  some  traces  of  an 
umbilicus. 

Belations  and  Distribution. — The  belt  at  the  posterior  extremity  of 
each  whorl  rather  serves  to  remind  one  of  Chemnitzia  teres,  but 
Ch.  decfusata  is  more  stumpy  in  its  growth,  besides  showing  consider- 
able traces  of  ornamentation.  The  form  figured,  12a  and  12b,  may 
perhaps  be  referred  here.  Found  sparingly  in  the  Cyrena-heda  of 
the  Vale  of  Wardour. 

9.  NsBiTOMA  SIMUOSA,  Sow.,  1818.    Plate  XI.  Figs.  5a,  56. 

yerita  nnuosa.  Sow.  1818,  M.C.,  pi.  217. 

Jferita  anguiata.  Sow.  1836,  Trans.  Geol.  Soc.  2nd  ser.  vol.  iv.  p.  347,  pi.  23,  fig.  2. 
yeritoma  sinuota,  Morris,  1849,  Q.J.G.8.,  vol.  y.  part  1,  p.  334,  with  figure. 
Neritoma  sinuosa,  Morris  (Sow.),  1864,  De  Loriol  et  Fellat,  Port,  de  Boulog.,  p.  36,  pi. 

iii.  figs.  19-21. 

No  description  of  this  well-known  species  is  needed  after  the  very 
full  account  given  by  Morris  {op.  cit.)  in  his  article  on  Neritoma. 
The  species  is  also  well  described  and  figured  by  De  Loriol.  As  the 
companion,  in  so  many  cases,  of  the  fossils  to  which  this  communica- 
tion relates,  a  glance  at  its  relations  and  distribution  may  not  be  out 
of  place. 

Belations  and  Distribution, — Neritoma  would  seem  to  be  eminently 
representative  of  that  sort  of  generic  confusion  which  prevailed  at 
the  time  when  the  Portland  Hocks  of  England  received  their  fossil 
contents.  De  Loriol  (op.  cit,  p.  37)  is  of  opinion  that,  in  some 
respects,  the  shell  recalls  the  peculiarities  of  certain  Naticas,  and  he 
even  considers  that  the  animal  may  have  approached  that  type.  As 
a  subgenus  it  is  very  limited  both  in  range  and  number  of  species. 

The  distribution  of  Neritoma  sinuosa  is  peculiar.  It  is  extremely 
abundant  in  the  Cyrena-beds  of  the  Vale  of  Wardour,  and  is  also 
found  more  sparingly  in  the  upper  Cyrena-heda  (No.  1)  of  that 
locality.  In  the  highest  Portlandian  bed  at  Swindon,  which  belongs 
to  the  Cyrena  type,  very  large  specimens  occur.  In  Bucks  it  is 
rare,  and  has  only  been  found  in  the  very  topmost  beds  at  Quainton. 
Of  its  presence  in  the  Roche  of  Portland  I  am  not  quite  certain.  It 
is  hardly  necessary  to  mention  that  this  species  does  not  occur  in 
the  more  purely  marine  Portlandian  beds  of  any  locality. 

When  we  trace  its  distribution  on  the  Continent,  we  find  that,  at 
Boulogne,  Neritoma  sinuosa  is  stated  to  be  pretty  common  in  the 
Lower  Portlandian  (zone  of  Am.  gigas),  but  is  not  quoted  from  the 
Upper  Portlandian  —  usually  held  to  be  the  equivalent  of  our 
Portland  Stone.  In  Hanover,  according  to  Struckmann,  Neritoma 
sintwsa  (=  Nerita  ovata,  Koem.)  is  most  abundant  in  part  of  the 
Middle  Kimmeridge.  Evengranting  that  Neritoma  ovata  is  sufficiently 
different  to  be  regarded  as  a  distinct  species — the  view  taken  by 
De  Loriol — we  cannot  fail  to  notice  with  interest  the  fact  th&t 
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NertUma  is  fint  obaerred  in  the  Hiddle  EinuMridge  of  M«W. 
Oermany,  nesct  in  the  Lower  PorfUndiftn  of  Boulogne^  and  finaOy 
in  certain  reetrioted  beds  of  onr  own  PorUand  fiodrab  but  «lw^ft 
on  a  higher  horizon  in  its  journey  weslwmrds. 

There  is  something  yery  instmotiire  in  this,  and  Nmiioma^  in  V 
marked  a  form  that  were  oan  be  no  mistake  about  it;  bat  a  maHvt 
lesson  is  taught  by  other  fossils.  If,  for  instanoe,  we  wish  to  suaidi 
in  N.  W.  Germany  for  the  representatiyes  of  many  of  onr  PortlaiidiBn 
Gasteropoda,  to  what  horison  ought  we  to  turn?  Not  oertaiwly  to 
the  Upper  Portlandian  of  tjhat  oountry,  for  it  does  not  oontsu  a 
single  Gasteropod.'  The  Lower  PortUndian  of  N.W.  Oerman^ 
(zone  of  iliii.  (figa$)  has  a  larger  and  more  varied  Smui^  but  we 
must  go  as  low  as  the  Pterooeras  sohiohten,  that  is  to  aaj*  below  fha 
equivdents  of  the  mass  of  the  Eimmeridge  da^  of  Wnyand,  wbibh 
is  mainly  Yirgulian  or  higher,  before  we  recognise  any&ing  like  aa 
univalve  &cies  oorresponding  to  that  of  our  own  Portlapd  Booka. 

10.  Nkbita  TiuxrsYXBaA.  Yon  Seebaoh,  1884.    Plate  XL  Fig.  9. 

yerita  tramv^ntt.  Yon  Seebsoh,  1864,  Bflr.  Han.  Jmtk,  p.  ISl,  pL  viL  ilgi.  U^  i. 
Idem.  IdMiL         1866,  De  Lor.  st  FbIL,  fM.  ds  Boakg.  p.  U^  pL 

iii.  figs.  22-24. 
Ibid,  Tarietas  minor.  Lor.  et  Pell.,  1874,  JuraBS.  sap.  de  Boulogne,  p.  105,  pi.  iz. 

figs.  16,  17. 

This  interesting  form,  whioh  is  too  well  known  to  need  descrip- 
tion, is  another  connecting  link  between  our  Portland  Books  and 
the  Middle  Eimmeridge  of  Hanover.  It  occurs  in  some  abundance 
in  the  Lower  Portlandian  of  Boulogne,  together  with  the  variety 
minoff  which  alone  occurs  in  the  Upper  Portlandian  of  that  district. 
De  Loriol  speaks  of  it  as  a  perfectly  typical  Nerite  living  under 
marine  conditions,  but  one  may  read  the  fact  the  other  way,  as 
showing  the  estuarine  character  of  beds  where  such  shells  occur. 

In  England  its  occurrence  was  first  noted  by  Mr.  Blake  in  the 
Oyrena-beds  of  the  Vale  of  Wardour,  where  it  is  met  with  sparingly. 
No  instance  of  its  occurrence  in  the  more  truly  marine  beds  has  yet 
come  to  my  knowledge. 

11.  AoTiEONiMA  siGNUH,  sp.u.    Plate  XI.  Figs.  7a,  76,  7c. 

DeBcription. — Specimen  from  the  C^rena-beds  of  Chilmark  Quarry. 

Length 20  milliindtree. 

Width    16-6        „ 

Diam.  of  last  whorl  in  relation  to  its  length ....       0*78. 

Shell  tumid,  not  much  longer  than  wide,  subcylindrical,  attenuated 
antenorly.  The  spire,  which  scarcely  projects,  consists  of  five 
or  six  whorls,  one  within  the  other.     These  are  faintly  convex, 

^  Subjoined  is  a  complete  list,  according  to  Struckmann,  of  the  fossils  of  the 
Upper  Portlandian  of  Ilanover.  Fecten  concentrieusy  Dunk,  and  Koch,  Fema 
Bouehardiy  Oppel,  Modiola  Utkodomus^  Dunk,  and  Koch,  Trtgonia  variegata^  Credner, 
Cardium  Dufreynoiettmy  Buvig.,  Cyprina  Brangmarti,  Rocm.,  Cyrtna  rugoMUy  Lor. 
(Sow.),  Cyrena  nuculaformis,R(Bm.y  Cyelas  Brongniarti,  Dunk.,  Oorbula  MotmtUt 
Buvig.,  Corbula  alata,  Sow. 
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separated  by  a  well-marked  suture  (Fig.  7c),  and  ornamented  with 
curved  scaly  marks,  which  are  strongest  on  the  flat  posterior  area 
of  the  body- whorl.  The  nucleus  is  represented  by  a  little  knob  in 
the  centre.  The  body-whorl  is  large,  and  its  flanks  are  rather 
strongly  marked  by  lines  of  growth  in  connexion  with  the  scaly 
marks  on  the  flat  posterior  area.  The  aperture  is  long,  and  the 
outer  lip  nearly  straight  for  two-thirds  of  its  length,  when  it  curves 
round  with  an  oval  sweep  anteriorly.  The  columella  is  much 
excavated  anteriorly,  but  there  is  no  distinct  plication  on  the  inner 
lip,  and  the  traces  of  an  umbilicus  are  very  faint.     Shell  thin. 

Relations  and  DiatrihtUion, — In  form  and  general  character  this 
fine  species  approaches  Tomaiina  Bayani,  Lor.,  from  the  Lower 
Portlandian  of  Terlincthun  (Boulonnais),  but  that  species  is  only 
6*5  mm.  in  length,  and  is  much  longer  in  proportion  to  its  width 
than  the  Ghilmark  shell,  which  may  be  regarded  as  intermediate 
between  the  above  and  such  a  form  as  Actoeonina  ventricosaj  D'Orb., 
quoted  from  the  Upper  Portlandian  of  Boulogne.  It  may  be  worth 
mentioning  that  Tomatina  Bayani  occurs  in  the  Pteroceras  schichten 
(Middle  Eimmeridge)  of  Hanover,  where  it  attains  a  length  of  7  mm. 

ActcBonina  signum  (De  Loriol  would  probably  regard  it  as  Toma- 
iina)  is  moderately  plentiful  in  the  highest  portion  of  the  C^rena-beds 
of  the  Vale  of  Wardour,  towards  the  junction  with  the  Chalky  series 
(No.  2).     It  has  not  yet  been  noted  out  of  the  Vale  of  Wardour. 

There  is  at  least  one  other  well-marked  species,  which  is  most 
probably  an  ActcBonina,  from  the  same  beds,  and  I  have  a  large 
specimen  of  an  ActcBonina  in  flint,  which  was  most  probably  derived 
from  the  Chalky  series  (No.  2).  We  may  therefore  regard  this 
group  of  the  Actceons  as  being  tolerably  well  represented  in  the 
Portlandian  of  the  Vale  of  Wardour. 

EXPLANATION  OF  PLATE  XL 

Fio.    1.     Purptiroidea  Portlandica^  Hudleston.      la.  Front  view,   1*.   back  view 

of  shell,  nat.  size.     Portland  limestone,  Ashendon,  Bucks. 

2.  FBeudomeiania  f  percinetay  Hudleston.     2a.  Front  view,  2b.  back  view  of 
shell,  nat.  size.    Cyrena-beds,  Alford  Quarry,  near  Tisbury. 

3.  Chemnitzia    teres,    Hudleston.     3a.    front,    Sh,   back    view,  nat.   size. 
Cyrena-beds,  Ghilmark  Quarry. 

4.  JVa/ica  »«ma,  Blake  (1880).    4a.  front,  4d.  back  view,  nat.  size.     Cyrena- 
beds,  Alford  Quarry,  near  Tisbury. 

5.  Neritoma  einuosa,  Sowerby  (1818).     6a.  front,  6b.  back  view,  nat.  size. 
Cyrena-beds,  Vale  of  Wardour. 

6.  Paettdotnelania  rugosa,  Hudleston.     6a.  front,  6d.  back  view,  nat.  size. 
"  Creamy  Limestones,'*  near  Aylesbury,  Bucks. 

7.  Aet<eonina  aignum,  Hudleston.      7a.  front,  lb.  back,  *Je.  apical  view,  nat. 
size.    Cyrena-beds,  Ghilmark  Quarry. 

8.  Natica    eleganSy    Sowerby    (1835).      8a.  front,    8^.    back,    nat.    size. 
*'  Creamy  Limestones,*'  Bucks. 

9.  Nerita  transverea,  Von  Seebach  (1864).    Dorsal  view,  nat.  size.    Cyrena- 
beds,  Vale  of  Wardour. 

10.  Chemnitzia  naticoides,  Hudleston.     10a.  front,  10^.  back  view.     Cyrena- 
beds,  Ghilmark  Quarry. 

11.  Chemnitzia   decuasataj  Hudleston.     11a.  front,    lib.  back  view.     lie. 
umbilical  view,  nat.  size.     Cyrena-beds,  Ghilmark  Quarry. 

12a.  and  b,  Chemnitzia  sp.  ?  Cyrena'beds,  Vde  of  Wardour. 
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IL — Oh  ths  Lowbb  Esupnt  SAHDaron  of  Chhhibb. 
By  A.  Steakan,  M.A.,  F.G.8.,  H.1L  Gaok^gMl  Barw9f, 

WHILE  I  was  engaged  in  sanreying  the  Drift-dqwriti  of  fte 
neigbboarhood  of  Warringtoiiy  Bmioom,  and  the  PebUbrtoa 
Hills  near  Cheater,  my  attentioii  waa  oalled  to  what  appeavad  to 
be  a  good  boundary-line  in  the  middle  of  the  Lower  Keuper 
Sandstone,  aepaiating  the  Wateratones  from  the  Oonglomentea 
underlying  them,  ^e  aeotiona  at  Bnnoom  and  Frodabam,  where 
I  first  saw  diia  line  expoeed,  haTO  been  already  deaoribed  with 
many  others  in  the  Surrey  Memoirs  on  the  Neighboorfaood  of 
Presoot  (3rd  edition)  and  on  the  Neighbourhood  of  Oheater.  Tliej 
showed  that  there  was  no  passage  from  the  WafterstoneB  down  into 
the  Conglomerates,  but  that  thm  waa  on  the  eontraiy  a  aharp 
division  between  them ;  and  as  on  following  this  line  fttr&er  aontli, 
I  found  that  it  waa  persistent,  and  evetywhere  aepamted  beda  of  a 
very  different  nature,  it  was  decided  that  it  should  be  engraTed  on 
tbe  Map,  the  new  olassifioation  of  the  Keuper  of  thia  neig^DOOihood, 
as  contrasted  with  the  old,  being  shown  in  the  aooomponyinff  figmre. 

The  Lower  Keuper  Sandstone  or  Basement  Beds  consist  of  qnartai* 
ose  sandstones  with  a  sharp  and  rather  coarse  grain,  conglomeratic 
or  breociated  in  parts  and  always  current-bedded.  Tbe  bold  and 
<^i'&ggy  escarpment  formed  by  the  superposition  of  these  beds  on 
the  soft  Upper  Mottled  Sandstone  of  the  Bunter  often  presents 
minor  features  or  terraces,  resulting  from  the  separation  of  the 
harder  building  stones  into  courses  by  partings  of  softer  material. 
These  partings  are  occasionally  formed  by  a  bed  of  shale,  but  more 
usually  by  a  very  soft  current-bedded  mottled  sand,  of  a  finer  grain 
than  tbe  building  stone.  Tbe  upper  part  of  the  subdivision  oonsista 
of  a  considerable  thickness  of  this  soft  sand,  as  is  seen  in  the  Railway 
Cutting  at  Frodsham  (Geology  of  the  Country  around  Presoot, 
Fig.  4),  where  the  current-bedding  is  on  so  large  a  scale  as  to  have 
been  sometimes  mistaken  for  contortion.  The  beds  are  arranged 
in  the  form  of  troughs,  one  within  another,  and  inclined  towards 
the  east  at  a  high  angle.  In  the  section  these  troughs  are  cut  across 
nearly  at  right  angles,  so  as  to  present  arcs  of  a  number  of  nearly 
concentric  circles  of  about  40  yards  diameter.  For  convenience 
of  reference,  I  gave  to  these  beds  the  name  of  the  Frodsham  Beds. 
They  are  persistent  over  this  part  of  Cheshire,  but  variable  in  thick- 
ness. In  the  lower  part  of  the  Frodsham  Beds,  the  coarser-grained 
and  harder  sandstone  comes  in  gradually,  often  appearing  first  in 
lenticular  masses,  so  that  there  is  a  perfect  passage  downwards. 

Every  course  of  the  harder  sandstone  is  as  a  rule  conglomeratic 
and  brecciated  towards  its  base,  and  rests  on  a  slightly  eroded 
surface  of  the  underlying  bed.  Fragments  of  shale  often  occur 
in  irregular  lines  in  the  brecciated  portion,  as  though  a  bed  of 
shale,  previously  laid  down  and  half  hardened,  had  been  torn  up 
and  the  fragments  rolled  about,  though  not  moved  to  a  distance. 
In  this  respect,  and  in  the  frequent  repetition  of  lines  of  erosion,  the 
Lower  Keuper  Sandstones  resemble  those  of  the  Coal-measure  age. 
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From  the  descriptioii  of  the  Frodsham  Beds  given  above,  U  wilt 
be  Been  that  tbey  are  similar  in  character  to  the  Upper  and  Lower 
Mottled  Sandetonea  of  the  Buuter.  Indeed  even  in  the  field  they 
cannot  be  distinguished  from  these  sabdivisions  except  by  ascertain- 
ing their  relative  position  to  the  conglomerates  of  the  Eeuper  Base* 
ment  Beds  below  and  the  Waterstones  above. 

VERTICAL  SECTION  OF  A  PART  OF    ^^^^^^  ^i"^   ^*'P°"J'°°  ">[  *^«  ^'"•^r 

sham  Beds,  a  complete  change  mnst 
have  taken  place,  for  the, Waterstones 
wbiob  succeed  them  are  of  an  en- 

"^  Ji^tfl"'*  'i"ly  different  Hthologioal  character, 
and  belong  to  the  Eeuper  Marl  type 

WiMnioDst.  exoluaivety.  They  consist  of  evenly- 
bedded  or  laminated,  loamy,  and 
micaceous     sandstones,    alternating 

LDnsr  Kcnper      With  sbales,  tho  whole  presenting  an 

SMditoB«M^  appearanoe  of  extreme  regularity  of 

'bedding,    suggestive   of  deposition 

Ijma  of  Eroiion,  j^  tranquil  water.  The  peculiar 
loamy  texture  and  tbe  absence  of 

Eroiion.  *^^  oonglomeratio  character  in  these 

sandstones  renders  them  easily  dis- 
tinguishable    from     the     building 

^SS^^n"**  ■'"•'*■  "*'  *-^^  Lower  Keuper  Sand- 
Btone,  even  after  removal  from  the 
quarry. 

The  contrast  between  these  two 
subdivisions  and  tbe  sharpness  of 
tbe  line  dividing  them  is  beautifully 

Eronoo.  shown    in   the    railway  cutting  at 

Runconi  Station.  The  lowest  beds 
of  the  Waterstonee  consist  of  deep 
red  shales  and  micaceous  flags,  and 

PibhieBedi.  ™^'  directly  upon  the  loose  current- 
bedded  sand  of  the  Frodsham  Beds. 
At  the  south  end  of  the  cutting  the 

Eroiion.  Frodsham  Beds  are  red,  but  at  the 

north  eud  white,  the  loss  of  colour 
taking  place  gradually  in  passing 
from  one  end  of  the  section  to  the 
other.  The  same  junction  is  ex- 
posed in  the  road  leading  from 
Frodsham    to    Overton,    and    in    a 

'*s^^"'."'  lime  ne"  Overton  Church  (Geology 
of  tbe  Country  around  Prescot, 
fig.  5),  oa  Eddisbury  Hill,  and  in 
IJelamere  Forest  Even  where  good 
sections  are  wanting,  tbe  line  can  be 
followed  with  ease  by  the  change  in  the  soil,  resulting  from  the 
jnxtapoeition  of  rocks  so  different  in  character. 
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Towards  the  top  of  the  WatoiMtoiMt,  the  wmUinmm 
gradually  less  nameroos,  and  the  shales  predomiiisto,  so  that  then 
is  a  passage  upwards  into  the  Bed  llarl^  in  whfah  tamdi  of  aaaip 
stone  are  less  oommon,  though  not  absent,  the  Upper  Keoper  mhA' 
stone  of  the  Midland  distriots  being  appaxenfly  a  zepedtioD  im  fts 
Marl  of  beds  of  the  Walerstone  ty^  The  line  aey«sting  As 
Waterstones  from  the  Bed  llarls  is  under  these  ouoamatanass 
arbitrary,  and  oan  only  be  regarded  as  lypzoxiniatoly  smwuratingthi 
more  sandy  base  of  the  Ifarls  fimn  the  main  mass  abo^e  in  whidk 
shales  predominate.  This  arbitrary  horiaon  was  fbrmeilj  taken  as  * 
the  upper  boundary  of  the  Lower  Eeuper  Sandstone,  nia  Watel^  ' 
stones  and  the  Lower  Eeoper  Sandstone  (aa  now  de&ied)  haWDg 
been  hitherto  grouped  together. 

The  Waterstones  also,  like  the  Bed  Marls,  oontain  abnndan^y 
ripple-marks,  snn-oraoks,  markings  supposed  to  be  rain-pittinga^  aim 
the  casts  in  olay  of  the  onbioal  oiystals  of  rodk-salt  Tbeae  oasfa 
or  pseudomorphs  appear  for  the  first  tvne  in  the  Wateratonea,  hmg 
unknown,  so  fsr  as  I  haye  heard,  in  the  Eeuper  Basement  Beds. 

The  Waterstones,  in  common  with  the  nlenper  Baaement  Beds 
and  the  Banter,  are  subjeot  to  rapid  variations  in  oolonr.  l%ey  aie 
usually  deep-red,  with  thin  green  bands,  but  on  Longley  Hill,  near 
Eelsall,  they  are  locally  bleached,  the  sandstones  being  white,  and 
the  shales  green  with  thin  red  bands.  Similarly  the  Basement  Beds 
at  Helsby  Hill  are  brown,  but  become  mottled  with  white  towards 
the  south  end  of  the  bill.  Two  miles  to  the  south,  at  Manley,  they 
are  a  pute  white,  and  the  lumps  of  shale  included  in  them  are  green, 
sometimes  with  a  red  nucleus.  At  Delamere  they  are  brown  again, 
but  in  the  Peckforton  Hills  once  more  white.  The  Frodsham  Beds 
also  vary  from  a  bright-red  and  yellow  at  Delamere  to  iC  yellow  at 
Manley,  while  at  High  Billinge  they  are  bright-red  again.  At 
Frodsham  they  are  red,  but  in  the  road  to  Overton  snow-white,  but 
at  Overton,  about  one  mile  from  Frodsham,  once  more  bright-red. 
The  change  from  red  to  white  within  a  few  yards  at  Runcorn  Station 
has  been  already  referred  to.  The  Upper  Mottled  Sandstone  shows 
equally  rapid  changes  of  colour  in  a  small  space  at  Beeston  Castle. 
On  the  east  side  of  the  hill  it  is  deep  red,  on  the  north  yellow  with 
veins  of  iron  oxide,  on  the  north-west  yellow  mottled  with  red,  on 
the  west  yellow  above  and  red  below,  but  on  the  south  red  above 
and  yellow  below.  These  changes  take  place  within  an  area  of 
about  one  quarter  of  a  square  mile.  The  observations  on  the  changes 
of  colour  in  these  rocks  are  instructive  as  showing  how  little  reliance 
can  be  placed  on  this  character  as  a  means  of  identifying  horizons  in 
the  absence  of  continuous  sections. 

During  the  progress  of  the  re-survey  of  the  Eeuper  in  Cheshire, 
I  was  informed  by  Mr.  De  Banco  that  the  line  between  the  Water- 
stones and  Basement  Be4s  which  I  was  engaged  in  tracing,  existed 
also  in  Lancashire,  and  had  been  selected  by  him  as  the  base  line 
of  the  Marls,  no  sulxlivision  of  the  Waterstones  being  possible, 
from  the  prevalence  of  drift  over  the  area  probably  occupied  by 
them.     I  had  afterwards  an  opportunity  of  visiting  with  him  some 
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of  the  sections  in  Lancashire  for  the  purpose  of  making  comparisons. 
The  Basement  Beds  as  exposed  at  Ormskirk,  and  in  the  Orrel 
railway  catting,  are  similar  to  those  of  Cheshire,  and  like  them  are 
succeeded  abruptly  upwards  by  beds  of  the  Red  Marl  type.  The 
junction  is  exposed  in  the  Orrel  railway  catting,  and  presents  a 
▼ery  similar  appearance  to  the  sections  at  Runcorn  and  Frodsham, 
described  above.  Borings,  made  subsequently  to  the  survey  by  Mr. 
JDe  Ranee,  have  proved  that  the  lower  part  of  the  Marls  contain 
sandy  beds,  corresponding  in  character  and  position  to  the  Water- 
stones  of  Cheshire.  In  Liverpool  the  same  sequence  has  been 
observed  by  Messrs.  De  Ranee  and  Morton.  The  cemetery  shales, 
which  were  supposed  by  Mr.  Morton  to  be  intercalated  in  the 
Keuper  Basement  Beds,  are  now  known  to  be  the  lower  beds  of  the 
Red  Marl  repeated  by  a  fault,  so  that  the  supposed  discrepancy 
between  the  sequence  here  and  in  Cheshire  is  removed. 

At  the  same  time  Mr.  Aveline  recognized  this  boundary-line  in 
Cheshire  as  the  same  as  that  which  had  been  mapped  by  him  as 
the  base  of  the  Waterstones  in  the  neighbourhood  of  Nottingham. 
He  states  in  the  Greology  of  the  Country  around  Nottingham  (2nd 
edition,  p.  29)  that,  "  Only  the  Middle  and  Upper  division  of  the 
Keuper  are  fally  developed,  namely,  the  Waterstones  and  the  Upper 
Keuper  Marls.  But  at  the  base  of  the  Waterstones  there  often 
occurs  a  thin  bed  or  beds  of  conglomerate  resting  on  the  eroded 
surface  or  in  hollows  of  the  Pebble  Beds ;  below  this  conglomerate, 
and  lying  in  hollows  in  the  Bunter,  has  been  found  a  coarse 
white  sand,  much  resembling  the  white  Keuper  building-stone  of 
Cheshire  if  pounded."^  It  is  stated  that  the  break  between  the 
Bunter  and  Keuper  is  complete,  but  Mr.  Shipman  observes  that 
the  Waterstones  are  seen  overlapping  the  white  sandstone  on  either 
side  and  resting  on  the  Bunter,  and  remarks  that  "The  White 
Sandstone  at  Nottingham  had  evidently  suffered  some  amount  of 
denudation  before  the  Brown  Sandstone  and  the  Red  Clay  of  the 
*  Waterstones '  were  deposited  over  it."  Two  outliers  of  Waterstones 
also,  according  to  Mr.  Aveline,  rest  on  the  Pebble  Beds  in  Beeston 
Field.  Therefore,  whether  the  Keuper  Basement  Beds  of  Cheshire 
are  represented  or  not,  it  is  certain  that  there  is  as  strong  a  line  at 
the  base  of  the  Waterstones  here  as  in  Cheshire,  with  the  additions 
of  a  well-marked  overlap,  and  an  apparent  local  unconformity. 

At  Alton,  in  Staffordshire,  according  to  Mr.  Shipman,  "  there  is  a 
still  more  decided  break  (than  at  Helsby  Hill,  in  Cheshire),  indicated 
by  a  sudden  change  in  the  character  of  the  sediment  laid  down. 
The  upper  surface  of  the  Basement  Beds  there  shows  no  sign  of 
having  been  eroded,  but  the  *  Waterstones '  are  represented  by  sandy 
Marls,  with  sometimes  a  solitary  seam  of  brown  sandstone  near  the 
bottom — a  marked  contrast  to  the  compact  coarse  pink  or  white 
sandstone  that  forms  the  base  there."  ^    This  locality  is  important 

^  See  also  J.  Shipman,  *'  Conglomerate  at  the  Base  of  the  Lower  Eenper,'*  Geol. 
Mao.  1877,  p.  497,  and  E.  Wilson  and  J.  Shipman,  **  On  the  Occurrence  of  the 
Keuper  Basement  Beds  in  the  Neighbourhood  of  Nottingham,"  Geol.  Mao.  1879, 
p.  532.  *  Nottingham  Naturalists'  Society,  Amiual  Beport  for  1880. 
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as  occurring  aboat  midway  between  fhe  areas  in  OheshivB  and 
Nottingbam,  wbere  tbe  aeqnenoe  has  been  dearij  made  oat. 

Tbis  line  therefore  appean  to  be  peniatent  orer  a  laige  area,  ui 
to  form  a  strong  separation  of  the  Waterstonea  from  the  JSjMfm. 
Basement  Beds,  even  in  looaliUea  where  it  wiaa  fbnnerijr  mppossi; 
that  there  was  a  perfect  passage  between  the  twa  While  amtqi^g' 
in  Cheshire,  I  found  that  in  oonsaqnenoe  of  the  pvevalenoe  of  aUss 
in  the  Waterstonea  in  oertain  diatriota,  they  were  inoladed  ia  IIm 
Keuper  Marls,  while  olose  by  they  were  mapped  aa  Lower  Ko«psK 
Sandstone,  in  oonsequenoe  of  the  eamosore  of  aandy  beda  in  them. 
The  upper  boundary  of  the  Lower  Keuper  Sandstone  therofare  did 
not  follow  one  horizon,  but  was  taken  aoross  the  8tril»  of  aa  mnsh 
as  200  feet  of  strata.  Jn  oonsequenoe  of  this,  it  was  anppoaed  that 
there  was  a  perfect  passage  between  the  Waterstonea  and  tlM  Base 
ment  Beds  in  those  locautieB  where  it  is  now  known  that  a  ahaip 
line  of  separation  exists. 

At  this  horizon,  moreover,  the  principal  overlap  in  {he  Triaa  takes 
place,  for  while  the  Bunter  and  the  Keuper  Baaement  Becb^  whieh 
are  confined  approximately  to  the  same  limits,  thin  oat  along  a  line 
drawn  from  north-east  to  aonth-west  through  Leioestershire  (THassio 
Memoir,  p.  60),  the  Waterstonea,  with  the  allied  Marls,  ran  beyond 
this  limit  so  as  to  rest  directly  on  Palaeozoic  rooks,  the  base  of  the 
Waterstones  becoming  in  such  cases  conglomeratic  A  similar 
overlap  of  the  Marls  has  been  noticed  in  Devonshire  by  Mr.  Ussher, 
who  considers  that  at  this  period  for  the  first  time  a  connexion 
was  established  between  the  Triassic  waters  of  Devonshire  and  the 
Midland  Couuties.^ 

At  this  period  also  the  change  in  the  physical  geography  of  the 
region  commenced,  which  led  to  the  formation  of  the  Ked  Marls 
with  their  associated  beds  of  rock-salt  and  gypsum.  The  appearance 
of  the  casts  of  salt-crystals  for  the  first  time  in  the  Waterstones, 
taken  in  connexion  with  the  uniformly  even-bedding,  lamination 
and  loamy  texture  of  these  beds,  points  to  their  having  been  laid 
down  under  conditions  totally  different  from  those  which  produced 
the  sands  and  conglomerates  of  the  Bunter,  and  of  the  Lower 
Keuper  Sandstone.  During  the  period  of  the  Bunter  shifting 
currents  must  have  prevailed,  sweeping  along  from  the  north  (as 
shown  by  Prof.  Hull)  between  the  hills  of  Derbyshire  and  of  Wales 
large  quantities  of  sand  and  gravelly  sediment.  The  same  or 
similar  currents  prevailed  during  the  deposition  of  the  Lower 
Keuper  Sandstone,  which  is  not  only  lithologically  similar  to  the 
Bunter,  but  follows  it  also  in  its  geographical  range  and  development 
But  after  this  period,  the  free  circulation  of  currents  ceased,  for  all 
the  succeeding  beds  show  clear  evidence  of  having  been  deposited 
in  tranquil  water,  while  the  pseudomorphs  of  rock-salt  prove  that 
this  water  occupied  a  land-locked  basin,  in  which  concentration  of 
brine  was  taking  place.  These  conditions,  appearing  for  the  first 
time  at  the  base  of  the  Waterstones,  prevailed  without  intermission 
until  the  close  of  the  period  of  the  Bed  Marls. 

>  Quart  Joum.  Geol.  Soc.  Aug.  1878. 
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In  the  earlier  works  on  the  Trias  of  Cheshire,  the  base  of  the 
Keuper  was  placed  at  this  horizon,  namely,  at  the  base  of  the  Water- 
Btones,  the  Keuper  Basement  Beds  being  classed  with  the  Bunter 
(flee  papers  by  Mr.  Ormerod  and  others).  This  classification  was 
changed  in  1 852  and  the  foUowiug  years  by  Prof.  Hull,  for  reasons 
which  he  gives  in  full  in  his  Memoir  on  the  Triassic  and  Permian 
Bocks  of  the  Midland  Counties,  p.  9.  These  reasons,  stated  briefly, 
are  the  absence  of  any  sign  of  a  break  in  the  sequence  from  the 
Lower  Keuper  Sandstxme  up  into  the  Red  Marls,  but  an  apparent 
unconformity  between  the  Lower  Keuper  Sandstone  and  the  under- 
lying beds. 

It  seems  then  that  if  the  separation  between  the  Lower  Keuper 
Sandstone  and  the  Waterstones  is  as  well  marked  in  other  districts 
as  in  those  which  have  been  at  present  re-examined,  the  former 
of  these  reasons  for  dissociating  the  Lower  Keuper  Sandstone 
from  the  Bunter  will  be  done  away  with,  for  in  those  localities 
which  have  been  described  above,  though  there  is  no  unconform- 
ability,  there  is  no  passage  from  this  rock  up  into  the  overlying 
Waterstones. 

With  regard  to  the  second  reason,  namely,  the  break  at  the  base 
of  the  Lower  Keuper  Sandstone,  it  is  necessary  to  avoid  over- 
estimating the  value  of  the  evidence  brought  forward  in  its  favour. 

It  was  believed  that  the  Bunter  had  been  upheaved  and  suffered 
great  denudation  before  the  deposition  of  the  Keuper  and  that  the 
discordance  in  the  dips  produced  by  these  pre-Keuper  movements 
was  actually  visible  in  a  section  at  Orraskirk  (Triassic  Memoir, 
p.  87).  But  on  examining  the  section,  I  came  to  the  conclusion 
that  there  was  no  discordance  in  the  dips  of  the  two  rocks,  and  that 
certain  beds  in  the  Bunter  which  rise  up  to  and  end  off  against  the 
base  of  the  Keuper,  were  only  a.  portion  of  the  current-bedding  of 
the  former  rock,  and  did  not  represent  its  true  dip.  More  striking 
instances  of  the  cutting  off  of  current-bedding  planes  may  be  seen 
at  the  junction  of  the  Waterstones  and  Frodsham  Beds  (figured  in 
the  Memoirs  on  Prescot  and  Chester). 

Further  evidence  of  the  denudation  of  the  Bunter  is  sought  in  the 
fact  that  the  Lower  Keuper  rests  on  beds  of  different  colour  in 
Cheshire  and  Lancashire.  For  instance,  on  p.  85  of  the  Memoir,  it 
is  stated  that  in  the  southern  part  of  Liverpool  ''the  Keuper 
Conglomerate  is  found  resting  on  red  sandstone,  which,  as  may  be 
seen  at  the  Bed  Noses  on  the  sea-coast  at  New  Brighton,  underlies 
a  considerable  series  of  yellow  sandstone  of  the  Upper  Bunter ;  the 
whole  of  which  has  in  this  instance  been  denuded  away  before  the 
Keuper  period,"  and  again  in  the  Geology  of  Wigan,  p.  32,  "  the 
yellow  beds  are  between  200  and  300  feet  in  thickness,  and  therefore 
when  we  find  in  any  special  locality  the  Lower  Keuper  Sandstone 
resting  upon  the  red  beds,  we  are  driven  to  conclude  that  the  whole 
of  this  200  or  300  feet  of  strata  have  been  denuded  away  in  that 
place."  But  I  have  previously  shown  how  rapidly  the  Upper 
Mottled  Sandstone  and  other  subdivisions  of  the  Trias  vary  in  colour. 
This  evidence  of  denudation,  resting  on  the  identification  of  horizons 
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in  the  Upper  Mottled  Sandstone  by  colour,  oannot  therefore  be 
considered  of  much  value. 

Nor  again  can  the  appearances  of  erosion  at  the  base  of  the  Loiver 
Keuper  Sandstone  be  accepted  as  evidence  of  the  unoonfonnity 
between  the  Bunter  and  Keuper.  Not  only  are  these  appeanmoei 
reproduced  at  the  base  of  every  bed  of  conglomeratic  sandstone  in 
the  Lower  Keuper,  but  they  are  equally  strong  at  the  base  of  fte 
Pebble  Beds  in  the  Bunter  (Triassio  Memoir,  pp.  85,  86,  etc.),  wUIs 
they  occur  also  in  the  Upper  Mottled  Sandstone  itself.  The  Frodshsm 
Beds,  and  soft  partings  in  the  Lower  Keuper  Sandstone,  are  ezaotly 
similar  to  the  Upper  and  Lower  Mottled  SiEmdstones  of  the  Banter, 
and  the  conglomerate  beds  of  the  two  subdivisions  are  so  alike  as 
to  have  been  wrongly  identified  in  some  oases  in  the  first  survey  of 
the  district  There  is  therefore  a  striking  similarity  between  the 
various  horizons  at  which  signs  of  erosion  appear,  and  there  is  no 
evidence  in  this  district  that  the  erosion  was  greater  at  the  bass 
of  the  Lower  Keuper  Sandstone  than  at  any  one  of  flie  other 
horizons.  These  phenomena  are  not  evidences  of  nnconfonnity,  but 
like  the  current  bedding  by  which  the  whole  of  the  Lower  Keuper 
and  Bunter  are  traversed,  indicate  the  action  of  currents  varying  in 
strength  and  possibly  in  direction,  an  increase  of  strength  causing 
sand  already  deposited  to  be  partially  removed,  and  coarser  sediment 
to  be  laid  down  in  its  place. 

It  has  been  already  stated  that  the  Lower  Keuper  Sandstone  has 
approximately  the  same  geographical  distribution  as  the  Bunter. 
From  what  has  been  said  of  the  neighbourhood  of  Nottingham,  it 
will  have  been  seen  that  the  Lower  Keuper  Sandstone  is  on  the 
point  of  thinning  out,  though  the  Waterstones  are  well  developed. 
The  same  fact  is  observable  in  proceeding  southwards  from  Cheshire 
to  those  districts,  where  the  Bunter  thins  out  as  described  by  Prof. 
Hull,  and  though  it  is  not  possible  to  give  the  exact  range  of  the 
Lower  Keuper  Sandstone,  until  the  separation  of  the  Waterstones 
has  been  completely  carried  out,  yet  it  may  now  be  stated  tliat  over 
a  large  area,  where  Lower  Keuper  Sandstone  is  represented  on  the 
maps,  the  Waterstones  only  are  present,  without  any  equivalent  of 
the  Basement  Beds  of  Cheshire.  In  the  event  of  the  sharp  division 
of  the  Waterstones  from  the  Basement  Beds  being  found  to  hold 
good  over  the  whole  area,  and  taking  into  consideration  the  strong 
lithological  resemblance  of  the  Lower  Keuper  Sandstone  to  the 
Bunter,  and  the  similarity  of  its  distribution,  it  will  have  to  be 
reconsidered  whether  the  break  at  the  base  of  the  Lower  Keuper 
Sandstone  has  not  been  greatly  overestimated,  and  whether  the  base 
of  the  Waterstones  does  not  constitute  a  more  important  strati- 
graphical  horizon  in  the  Trias. 

The  fossil  evidence,  so  far  as  it  goes,  points  to  an  association  of 
the  Keuper  Basement  Beds  with  the  Waterstones,  for  the  Cheiro- 
theriiim  footprints  are  equally  well  known  in  both,  but  this  evidence, 
depending,  as  it  does,  on  a  want  of  knowledge  of  the  fossil  contents 
of  the  Bunter,  is  of  a  purely  negative  character.  Leaving  for  the 
present  the  difficult  question  of  the  correlation  of  these  beds  with 
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the  foreign  deposits,  and  the  vague  speculation  as  to  the  horizon  of 
the  Mnschelkalk,  it  would  seem  advisable  to  distinguish  the  Water- 
stones  for  the  future,  reserving  the  term  Lower  Keuper  Sandstone 
for  the  sandstones  and  conglomerates,  as  typically  developed  in 
Cheshire. 

IIL — The  Causv  of  the  Mammotu's  ExTiNonoy. 
By  Hbnbt  H.  Howorth,  F.S.A. 

IN  a  previous  paper  we  showed  that  the  extinction  of  the  Mammoth 
was  sudden,  and  was  accompanied  by  a  sudden  change  of  climate 
throughout  Northern  Siberia,  which  enabled  its  soft  parts  to  be  pre- 
served intact  We  did  not  mean  that  the  change  of  climate  was  the  f 
cause  of  the  Mammoth's  extinction.  This  it  clearly  was  not,  for  i 
this  change  on  a  large  and  marked  scale  was  apparently  confined  to 
Siberia,  while  the  Mammoth  disappeared  from  a  much  wider  area, 
where  this  climatic  revolution  could  not  have  been  so  fatal.  A  \ 
sudden  change  of  climate  could  not  account  for  a  catena  of  Mam- 
moth carcases  found  buried  several  feet  underground  from  the  Obi  to 
fiehrings  Straits.  If  they  had  been  killed  by  the  cold  merely,  their 
bodies  would  have  lain  on  the  surface  where  they  fell  and  become 
long  ago  the  prey  of  the  predatory  animals.  Nor  again  can  we,  with 
such  a  postulate  merely,  account  for  the  remains  occurring  in  many 
cases  in  hecatombs,  and  in  many  cases  also  with  a  mixture  of  various 
species  of  animals.  The  cold  would  hardly  have  destroyed  the  bears 
and  hyaenas  which  are  found  linked  in  a  common  fate  with  the 
Mammoths  and  Rhinoceroses.  Nor,  as  we  shall  see,  would  a  mere  ^ 
change  of  climate,  however  severe,  account  for  other  factors  in  the 
problem.  The  change  of  climate  accounts  perfectly  for  the  preserva- 
tion of  the  carcases,  which  preservation  again  necessitates  the  con- 
clusion that  that  change  was  a  sudden  or  very  rapid  one ;  but  we 
have  clearly  still  to  seek  the  real  cause  of  the  disappearance  of  the 
animals  of  which  the  change  of  climate  was  a  concurrent  effect 

In  addressing  ourselves  to  this  problem,  we  would  again  begin  by 
insisting  upon  the  necessity  for  putting  aside  d  priori  prejudice, 
founded  upon  current  geological  theories.  W^e  had  occasion  to 
argue  in  a  previous  paper  that  the  doctrine  of  Uniformity,  which  has 
done  more  than  yeoman's  service  in  clearing  geological  reasoning 
from  a  great  many  immature  and  d  priori  hypotheses,  has  been 
pressed  in  England  to  a  degree  far  beyond  what  students  in  America 
or  the  Continent  deem  justified  by  the  facts.  In  former  days,  when 
a  deu8  ex  machina  was  summoned  to  explain  every  slight  difficulty, 
and  a  cataclysm  suggested  as  the  ready  cause  of  every  change  in 
the  Earth's  crust,  it  was  necessary  that  some  one  with  vigour  and 
energy  should  point  out  that  the  best  and  most  fruitful  way  to  study 
the  past  history  of  the  globe  was  not  to  have  recourse  to  cataclysm, 
at  every  turn,  but  to  learn  how  changes  were  being  effected  now, 
and  to  base  our  induction  upon  such  a  study.  This  was  most  neces- 
sary ;  but  it  was  inevitable  that  this  course  of  reasoning  should  in 
turn  become  exaggerated,  until  we  find  it  gravely  asserted  that  the 
pinnacled  mountains  of  the  Sierra  Nevada  in  Sj^n,  the  Ga.u.Q\i^  c»l 
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the  Colorado,  the  fiords  of  Norway,  the  boaldeiB  that  orertprail 
Finland  and  Sweden  in  sach  profusion  and  of  such  magnitude,  ef  ii 
genua  omne,  were  the  results  of  precisely  the  same  forces,  ftoA  m  hud 
and  degree,  that  are  at  present  at  work  upon  the  earth.  A  view 
whioh  is  entirely  repudiated  by  the  more  judicial  authoriiies  beyond 
our  seas,  who  have  not  the  same  dose  ties  with  and  obligatiims  to 
Lyell  that  we  have. 

Again,  it  is  the  fate  of  views  whioh  have  been  pressed  fanatically 
on  other  than  merely  scientific  grounds  that  they  not  only  cause 
science  to  8ti£fen  her  upper  lip,  but  that  they  react  in  a  miadiievouB 
way  by  making  scientific  men  shrink  from,  if  thev  do  not  repudiate, 
perfectly  legitimate  modes  of  argument,  and  classes  of  evidence 
which  have  been  perverted  to  merely  polemical  purposes.  Because 
the  universal  deluge  was  once  insisted  upon  by  tiie  partizans  of 
theology,  and  was  as  stoutly  opposed  by  science  as  being  utterly  at 
issue  with  the  evidence,  therefore  any  form  of  diluvial  movem^it 
on  a  large  scale,  in  comparatively  recent  times,  aroused  the  suspicion 
and  antagonism  of  those  who  were  afraid  the  doven  hoof  might  at 
any  moment  be  thrust  forward. 

Again,  because  theology  quoted  as  infallible,  certain  documents 
containing  early  traditions  of  the  Semitic  race,  and  endeavoured  to 
paiTv  the  conclusions  of  logic  by  an  appeal  to  what  transcends  logic, 
therefore  it  became  the  fashion  to  treat  this  kind  of  evidence  as 
entirely  illegitimate,  to  evade  conclusions  derived  from  the  fact 
that,  in  widely  separated  areas,  a  common  tradition  of  a  common 
catastrophe  of  some  kind  had  survived  the  disintegrating  influences 
of  time,  and  to  argue  as  if  this  was  utterly  worthless  evidence,  and 
to  be  thrust  aside  entirely  in  favour  of  empirical  testimony.  As  a 
good  friend  of  mine,  well  known  to  your  readers,  said  to  me,  **  If  I 
cleave  a  boulder  and  find  a  fish  with  eveiy  detail  preserved  in  its 
midst,  I  call  that  evidence."  The  other,  he  strongly  implied,  is  mere 
dreaming.  It  is  time  a  more  judicial  attitude  was  adopted  towards 
this  kind  of  evidence,  and  we  purpose  quoting  it  in  what  follows. 
Let  us,  however,  to  our  task.  What  then  was  the  proximal  cause 
of  the  Extinction  of  the  Mammoth  ?  The  first  piece  of  evidence  we 
shall  quote  is  of  a  singularly  direct  kind,  and  we  owe  it  to  the 
ingenious  and  experienced  skill  of  Professor  Brandt.  His  observa- 
tions are  so  interesting  and  important  that  they  should  be  quoted  in 
the  original  words.  He  says  :  "  Bei  der  genauen  Untersuchung  des 
Kopfes  des  Rhinoceros  itch,  vom  Wilui  war  femer  aufiallend,  dass 
die  aufgefundenen  Blutgefasse,  die  aus  seinem  innem  genommen 
wurden,  bis  zu  den  Capillargefassen  mit  brauner  Masse  (Blut- 
geriunsel)  augefiillt  erschienen,  die  an  manchen  Stellen  noch  die 
rotlie  Blutfarbe  zeigte.  Ich  konnte  bei  der  Wahmehmung  der  so 
stark  mit  Kesten  der  Blutkiigelchen  angefiillten  Kopfgefasse  deu 
Gedanken  nicht  unterdriicken,  das  das  Individuum,  dem  sie  angehur- 
ten  durch  die  vermuthlich  wiihrend  des  Ersiiufens  entstandene 
Asphyxie  sein  Lebensende  gefunden  haben  diirfte"  (Proceedings  of 
the  Berlin  Academy,  184:6,  page  223). 

These  very  interesting  observations  of  a  most  careful  and  com- 
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petent  observer,  that  the  Hbinoceros  of  the  Yilui  came  by  its  end 
by  being  suffocated  or  drowned  in  mud,  is  a  good  introduction  to  the 
chain  of  evidence  pointing  the  same  moral  which  I  shall  presently 
cite.  Brandt,  in  the  paper  just  quoted,  tells  us  that,  in  conjunction 
with  Hedenstrom,  he  made  a  careful  microscopic  examination  of  the 
earth  which  was  attached  to  these  Rhinoceros  remains,  and  found 
them  to  consist  of  two  kinds,  the  most  important  being  mould  con- 
taining vegetable  fragments,  and  which  he  took  for  remains  'of 
fresh-water  plants,  and  the  soil  as  a  fresh-water  deposit  The  other 
kind  consisted  of  a  blue-grey  iron  sand  {id,  224). 

Brandt  quotes  this  discovery  of  vegetable  debris  in  the  soil  at- 
tached to  the  head  of  the  Bhinoceros  in  proof  of  his  position,  which 
he  argues  for  elsewhere,  and  which  has  been  a  favourite  one  with 
some  English  geologists,  that  the  Mammoths,  etc.,  were  suffocated 
in  the  river  mud  which  eventually  covered  them  up  entirely.  To 
this  theory,  however,  there  is  more  than  one  fatal  objection.  In  the 
first  place,  as  we  have  seen,  the  large  majority  of  the  remains  are 
not  found  in  the  river-beds,  but  in  the  high  hillocks  of  the  tundra, 
oat  of  reach  of  the  rivers.  Again,  Brandt's  reasoning,  that  the  bodies 
were  covered  by  successive  deposits  of  the  river  mud,  is  inconsistent 
with  their  perfect  preservation,  which  necessitates  their  having  been 
engolphed  at  once  and  for  ever.  Lastly,  and  most  important  of 
all,  there  is  no  mud  brought  down  by  the  rivers  in  which  they 
oould  sink  in  this  way.  Schmidt,  an  excellent  geologist,  who 
especially  addressed  himself  to  this  point,  says  expressly :  "  Die 
Nordischen  Fliisse  werfen  keine  grossen  Mengen  von  Schlamm  aus  ; 
die  diinnen  Schlammschichten,  die  nach  dem  Friihlingshochwasser 
auf  den  Niuderungen  am  Flussufer  zuriickbleiben,  konuen  kein 
Mammuth  versinken  lassen"  (Bulletin  St  Petersburgh  Academy, 
13,  119). 

Since  writing  the  fonner  papers  of  this  series,  I  have  read  L.  vou 
Schrenck's  most  interesting  memoir  on  the  discovery  of  a  carcase 
of  the  Bhinoceros  Merckii  (the  Rhinoceros  leptorhinus  of  western 
authors)  in  Siberia.  A  few  words  about  this  discovery  will  not  be 
out  of  place  here.  This  carcase  was  found  in  1877,  and  was  first 
described  in  an  article  by  M.  Czersky,  in  the  Memoirs  of  the  East 
Siberian  branch  of  the  Imperial  Bureau  of  the  Geographical  Society, 
who  mentioned  the  arrival  of  the  head  at  Irkutsk,  and  assigned  it  to 
the  ordinary  Siberian  Rhinoceros,  the  Rhinoceros  tichorhinus.  The 
body  was  discovered  on  the  river  Balantai  or  Butantai,  as  Schrenck 
would  read  the  name,  a  feeder  of  the  Yana,  about  200  versts  to  the 
north  of  Werkhoyansk.  This  district  is  perhaps  the  very  coldest  in 
all  Siberia.  The  head  and  one  foot  of  the  Rhinoceros  were  cut  off 
and  sent  to  Irkutsk  by  a  merchant  named  Gorokhof,  while  we  are 
told  the  body  was  washed  away  by  the  river  and  lost.  The  head 
was  eventually  sent  on  to  Moscow,  and  has  been  described  in  detail 
by  Schrenck  in  a  paper  read  on  the  17th  of  December,  1879,  before 
the  Imperial  Academy,  and  published  in  the  17th  volume  of  its 
Memoirs,  with  most  interesting  photographs  of  the  head  in  question, 
and   of  that  from  the  river  Yilui  long  ago  described  by   Pallas. 


-/ 
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It  is  no  part  of  the  present  paper  to  refer  to  the  elaborate  oritioua 
by  which  Sohrenok  fixes  the  specifio  dhaiaoter  of  the  animal,  nor 
yet  to  disonss  his  somewhat  fantastio  notion  that  it  and  its  oom- 
panions  came  by  their  end  by  being  suffocated  in  snow-driffai»  a  Tieir 
which  cannot  be  reconciled  with  the  many  facts  mentioned  in  tbess 
papers.    One  passage  in  the  memoir  is,  however,  of  sing;i]Iar  intenst 
to  us,  and  may  be  quoted  in  oonjanotion  with  that  alreaid^  dted 
from  Brandt.     Speaking  of  the  nostrils,  Sohrenok  aaya:    ^Die 
Nasenlocher  an  demselben  sind  weit    geoffnet   nnd    oeber    dam 
unbeschadigten  rechten  zieht  sich  eine  wohl  damit  gnsammenhing* 
ende  Keihe  horizontaler  Falten  bin.    Auch  der  Mnnd  steht  sum  Thai 
oifen.     Man  mdchte  daraus  schliessen,  dass  das  Thier  dnroh  Erstiok- 
ung  verendete  und  zuyor  nochdurchAufreissenderNaaenlodierdett 
Tode  zu  eutgehen  suchte  "  (op.  dU  pp.  48-49). 

This  sentence  confirms  the  statement  of  Brandt,  and  we  may  take 
it  that  the  Rhinoceros  in  each  case  was  suffocated  or  drowned.  Hie 
postulate  about  the  snow-drift  may  be  set  aside  as  quite  untenable. 
It  necessitates  not  only  that  the  snow-drift  should  have  existed  at 
the  time  when  the  Bhinoceros  lived  in  Siberia,  but  have  remained 
intact  with  its  contents  ever  since ;  but,  as  we  know  firom  many 
other  cases,  these  carcases  are  not  found  in  frozen  snow  or  ice  above 
the  level  of  the  ground,  but  in  frozen  earth,  and  buried  several 
feet  below  it.  Postulating  then  that  the  great  Mammals  were 
destroyed  in  some  violent  way  implying  suffocation  or  drowning, 
let  us  proceed. 

A  theory  of  their  destruction,  which  has  been  urged  by  some 
writers,  has  many  adherents.  It  is  that  the  animals  sank  in  boggy 
ground,  and  were  thus  overwhelmed ;  but  this  also,  as  in  the  case 
of  the  theory  about  the  river  mud,  is  incompatible  with  the  evidence. 
Tliey  are  not  generally  found  in  boggy  ground,  nor  in  ground  that 
could  ever  have  been  boggy,  but  in  la^'ers  of  clay  and  sand  raised 
in  conspicuous  hillocks  above  the  surrounding  tundras.  As  is  our 
wont,  we  have  tried  to  exhaust  the  various  possibilities  of  the 
situation,  and  it  seems  to  us  there  is  only  one  alternative  left.  If 
the  animals  died  suddenly  by  drowning,  and  there  was  a  sudden 
change  of  climate  immediately  afterwards,  it  seems  to  follow  that 
they  came  by  their  end  by  some  catastrophe  by  which  they  were 
swept  away  together  with  the  sand  and  clay  in  which  they  are  now 
enveloped,  and  that  this  catastrophe,  as  the  older  writers  urged,  was 
in  the  nature  of  a  wide-spread  flood  of  water,  which  covered  the 
carcases  immediately  with  a  thick  layer  of  deposit,  and  buried 
tliem  out  of  the  reach  of  the  weather  and  other  vicissitudes.  This 
accounts,  as  no  other  theory  does,  for  the  remains  occurring  so 
abundantly  in  the  high  ground  forming  the  water- shed  between  the 
:  various  rivers  that  flow  northwards.  It  accounts  also  for  their 
sometimes  being  found  intact,  and  sometimes  disintegrated.  It 
accounts  again,  as  no  other  theory  does,  for  the  discovery  of  con- 
siderable quantities  of  drifted  branches  of  trees  in  close  neighbour- 
hood with  the  examples  of  the  Mammoth  found  by  Middendorf  on 
the  Taimyr — that  discovered   in   digging  the   canal  at  Bromberg, 
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which  I  described  in  a  previous  paper,  where  the  skeleton  was 
round  among  a  number  of  trunks  of  birch  trees,  ''  Sceleton  in  sylva 
prostrata  inventam  esse,  et  quidem  inter  arbores,"  as  Brandt  describes 
it,  and  accounts  also  for  the  peculiar  contorted  attitude  of  one  of 
the  two  skeletons  discovered  at  Torma,  and  described  by  Cuvier  as 
being  in  a  cramped  and  curved  position,  occupying  a  space  twenty 
feet  in  length,  with  its  hind  feet  near  its  tusks  (Oss.  Foss.  vol.  ii. 
p.  85). 

We  take  it  further  that,  if  we  are  to  interpret  the  past  rigidly  by 
the  present,  and  invoke  only  such  causes  as  operate  now,  it  will 
be  difficult  to  account  for  the  immense  deposits  of  bones  which  occur 
together.  Travellers  who  have  visited  the  ordinary  haunta  of  the 
Elephant  and  Rhinoceros  have  frequently  remarked  on  the  extra- 
ordinary scarcity  of  their  bones  and  other  remains.  When  old  and 
worn  out,  they  apparently  seek  out  the  recesses  of  the  forest  and 
retire  there  to  die.  Here,  on  the  contrary,  we  have  remains  of  whole 
berds  together ;  the  bones  equally  preserved,  the  ivory  equally  fresh, 
and  pointing  to  but  one  conclusion,  that  they  perished  in  herds  where 
they  are  found,  and  perished  by  some  overwhelming  cataclysm.  The 
fact  of  so  many  of  the  remains  being  found  in  high  ground  seems  to 
show  that  this  high  ground  was  a  place  of  refuge  where  the  beasts 
congregated  in  the  presence  of  some  common  danger,  such  as  a 
genei'al  inundation  which  threatened  to  annihilate  them.  In  this 
way  also  we  can  best  account  for  the  heterogeneous  character  of  the 
collections  of  bones.  Mammoth  and  Khinoceros,  Bison  and  Bos 
Primigenius,  Musk  Sheep  and  Stag,  etc.,  animals  that  do  not 
naturally  herd  together,  which  cannot  be  supposed  to  have  visited 
one  particular  bog  at  one  time  in  their  usual  course  of  life  to  be 
engulphed,  and  would  not  perish  from  such  a  cause  in  vast  herds  of 
many  hundreds  together,  as  they  must  have  done  in  New  Siberia,  on 
the  Obi,  at  Canstadt,  eta  It  has  been  suggested  that  this  mixture 
of  species  is  to  be  explained  on  the  theory  that  where  it  occurs  there 
was  once  a  crossing  place  or  ford  across  a  river,  where  it  is  natural 
that  accidents  on  a  large  scale  should  happen,  but  this  will  not 
apply  at  all  to  Siberia,  where  so  many  of  the  deposits  are  not  found 
near  rivers,  and  where  the  main  deposits,  such  as  those  of  New 
Siberia  and  the  adjacent  islands,  are  not  only  150  miles  distant  from 
the  mainland,  but  out  of  the  way  of  any  river  current.  It  seems 
clear  to  me  that  this  gathering  together  df  the  varied  fauna  of  the 
district  is  paralleled  by  the  great  floods  which  occur  occasionally  in 
the  tropics,  where  we  find  the  tiger  and  his  victims,  all  collected 
together  on  some  dry  place  reduced  to  a  common  condition  of  timidity 
and  helplessness  by  some  flood  which  has  overwhelmed  the  flat 
country. 

Whichever  way,  in  fact,  we  view  the  problem  as  a  zoological  one,  [ 
we  are  forced  to  the  same  conclusion,  namely,  that  the  Mammoth  ! 
perished  by  a  sudden  cataclysm,  in  which  he  was  overwhelmed  by  ■ 
a  wide-spread  inundation.      Let   us   now   turn  to  the  geological 
evidence  proper.     Limiting  ourselves  at  present  to  Siberia,  where, 
^  we  have  seen,  the  problem  may  be  studied  with  fewer  sophisti- 
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oating  snrroandings,  I  will  first  qaoto   PallAi»  who^  altlioqgii  Ml 
views  are  orude  in  some  reapeota,  was  a  firsfe-rate  ob(wrv«r«  and  <vm 
to  whom  Natural  Science  has  hardly  done  sufficient  bomaga    H% 
of  course,  postulates,  as  do  his  ocmtemporariea,  that  the  Bhinooens 
and  Elephant  lived  in  the  south,  and  was  carried  north  by  ^riolsst 
means.    His  words,  speaking  of  the  Bhinoowos  of  the  river  Vnidi 
are :   "  Itaque  tantnm  hoc  videtnr  stnpendnm  quomodo  Bhinooeitirii 
in  Australionibus  terris  Asiae  nati  cadaver  inte^pmm  tante  Tehemei^ 
tia  atque  celeritate  per  tot  mille  stadia  in  arotioas  tema  traaaTaotom, 
ibique  arena  obrutum  et  conglaoiatum  fuerit,  ut  putrefaothme  partes 
molles   interea   non  difflnzerint.      liaqme  caiasirapkeM   irmimiut, 
integrique  forte  Pdagi  Aniam  ah  Amiro  ad  Boream  eiofaefissMM 
tranaflueiUis  argumeiUum  probet  EkinoeeroiU,**  eta  (Nov.  Oonm.  8t 
Peter.  Acad.,  1773,  voL  xvii.  p.  694).    Again,  **  Si  reoensitia  haooaqna 
observationibus  addas  magnam  copiam  ossinm  Elephanti  aliaqna 
exotica  crania  a  Samojedis  ooUigi  venumque  Bereaovam  adportari  o 
planitie,    quam    oolunt,    vastisBima,   sylvis    denndata,    Silbiiiaqiia 
borealem  oram  usque  in  latitndinem  sexaginta  ooto  ciioiter  gradnnm 
constituentis  hone  ipaam  vero  pla$diiem  manumeiUa  plwrma  inm^daaHi 
Pelagi  servare   •    •    •    Tum  quidem  &teor,  contra  opinionea  in  has 
re  oaeteras  omnes  maxime  verosimile  videri  ossa  subterranea  quadm- 
pedum  in  Australibus  terris  natorum  que  nunc  per  borealem  Asiam 
sparsa  jacent,  reliquias  esse  cadaverum  ex  australi  patria  in  arotioas 
usque  plagas  abreptorum   ei  gravissima  forte  olim   globi  terraqvei 
catastrophe  submersorum,     Eamque  non  solum  vere  exstittsse  Bed  etiam 
nolentissimam  atque  subitaneam  fuisse  novo  atque  inaudito  argumento 
probabile  reddam  "  (id.  pp.  684-6). 

We  will  now  tum  to  Erman,  a  first-rate  observer,  who  has  the 
following  remarks :  **  The  ground  at  Yakutsk  .  .  .  consists,  to  the 
depth  of  at  least  100  feet,  of  strata  of  loam,  pure  sand,  and  magnetic 
sand.     They  have  been  deposited  from  waters  which  at  one  time,  and 
it  may  be  presumed  suddenly,  overflowed  the  whole  country  as  far  as  the 
Folar  Sea.     In  these  deepest  strata  are  found  twigs,  rocks,  and 
leaves  of  trees  of  the  birch  and  willow  kinds ;  and  even  the  most 
unbiassed   observers  would  at  once  explain  this  condition  of  the 
soil  by  comparing  it  to  the  annual  formation  of  new  banks  and 
islands  by  the  floods  of  the  Lena  at  the  present  time ;  for  these 
consist  of  similar  muddy  deposits  and  the  spoils  of  willow  banks, 
but  they  lie  about   110  feet  higher  than  the  ground   which  was 
covered  by  those  ancient  floods.     Everywhere    throughout   these 
immense  alluvial  deposits  are  now  lying  the  bones  of  antediluvian 
quadrupeds  along  with  vegetable  remains"  (op.  cit.  ii.  378).  After  the 
passage  about  the  hoards  of  birch  trees  under  the  tundras  and  in 
New  Siberia,  which  I  quoted  in  a  previous  paper  (Gbol.  Mao., 
Decade    II.  Vol.   VII.   pp.    669-660),   Erman    goes    on    to    say  : 
"  It  is  only  in  the  lower  strata  of  the  New  Siberian  wood-hills  that 
the  trunks  have  that  position  which  they  would  assume  in  swimming 
or  sinking  undisturbed.     On  the  summit  of  the  hills  they  lie  flung 
upon  one  another  in  the  wildest  disorder,  forced  upright  in  spite  of 
k       gravitation,  and  with  their  tops  broken  off  or  crushed  as  if  they  had 
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3660  thrown  with  great  violenoe  from  the  south  on  a  b  ank,  and 
;here  heaped  up.  Now  a  smooth  sea  covering  the  tops  of  these 
[lills  on  the  islands,  would,  even  with  the  present  form  of  the 
Interjacent  ground,  extend  to  Yakutsk,  which  is  but  270  feet  above 
the  sea.  But  before  the  latest  deposits  of  mud  and  sand  had  settled 
lown,  and  had  raised  the  ground  more  than  100  feet,  the  surface  of  ' 
rach  a  sea  as  we  have  supposed  would  have  reached  much  further 
ap,  even  to  the  cliffs  in  the  valley  of  the  Lena.  So  it  is  clear  that 
%t  the  time  when  the  elephants  and  trunks  of  trees  were  heaped  up 
together,  one  flood  extended  from  the  centre  of  the  continent  to  the 
furthest  harrier  existing  in  the  sea  as  it  now  is.  That  flood  may  have 
poured  down  from  the  high  mountains  through  the  rocky  valleys, 
rhe  animals  and  trees  which  it  carried  off  from  above  could  sink  but 
ilowly  in  the  muddy  and  rapid  waves,  but  must  have  been  thrown 
upon  the  older  parts  of  Kotelnoi  and  New  Siberia  in  the  greatest 
number  and  with  the  greatest  force,  because  these  islands  opposed 
the  last  bar  to  the  diffusion  of  the  waters"  (op.  cit.  ii.  pp.  379-380). 
Let  us  now  turn  to  Murchison  and  his  companions,  who  wrote  the  ' 
fiftmous  work  on  the  Q6ology  of  the  Urals. 

Li  explaining  the  mode  of  occurrence  of  the  Mammoth  remains  in 
the  Urals,  after  postulating  the  former  existence  of  lakes  where  the 
auriferous  and  Mammoth  detritus  now  is,  they  say,  "  Granting  these 
premises,  all  the  relations  of  the  Uralian  Mammoth  alluvia  may,  it 
appears  to  us,  be  rationally  explained ;  for  in  some  of  the  most  violent 
movements  of  elevation,  which  gave  rise  to  the  present  central  water- 
shed, we  may  readily  conceive  how,  their  harrier  being  hroken  down, 
these  lacustrine  waters  were  poured  off,  and  how  their  shingly  bottoms 
and  shores,  already  containing  bones  of  Mammoths,  were  desiccated  and 
raised  up  into  the  irregular  mounds  which  now  constitute  the  auriferous 

alluvia In  some  cases,  however,  the  denuding  and  abrading 

power  of  waters,  produced  both  by  the  bursting  of  lakes,  and  the 
change  in  the  direction  of  the  currents,  must  have  been  considerable, 
for  such  alone  would  account  for  several  of  the  appearances  we  have 
spoken  of,  and  the  transport  of  large  blocks  and  enormous  pepites 
of  gold  into  broad  lateral  depressions  "  (op.  cit.  pp.  492-3). 

Again,  a  former  terrestrial  surftice,  on  which  the  great  quadrupeds 
lived  for  ages,  and  the  rupture  and  desiccation  of  adjacent  lakes, 
coincident  with  some  of  the  last  elevations  of  the  chain,  will,  we  are 
convinced,  best  explain  the  condition  in  which  the  remains  of  the 
Mammoths  are  left  buried  on  the  edges  of  the  uplifted  ridges  of  the 
Ural,  as  well  as  in  the  low  lands  and  great  estuaries  furthest 
removed  from  them.  In  the  depressions  at  the  very  foot  of  the 
chain,  the  Mammoth  skeletons  are  broken  up,  and  their  bones, 
together  with  those  of  Bhinoceros  tichorhinus  and  Bos  urus,  are 
rudely  commingled  in  the  coarse  shingle  derived  from  the  mountains, 
or  in  the  clay  above  it.  In  proportion,  however,  as  we  advance 
into  the  plains  of  Siberia,  or  descend  into  the  valley  of  the  Tobol 
and  the  Obi  or  their  affluents,  these  bones  increase  in  quantity,  and 
are  at  the  same  time  in  much  better  conservation  "  (id,  494). 

"  The  single  fact  of  the  very  wide  diffusion  of  Mammoth  bones  over 
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the  sarfEuse  of  suoh  enonDOUS  regiont  of  fhe  ««rth  woald  in  bait 
lead  U8  to  believe,  that  those  oraatuxee  had  roftUy  bean  lofog  inluUlp 
ants  of  saoh  oountriea,  living  and  dving  theie  finr  ages,- «lab  Adr 
final  de9irveii(m  may  haw  retailed  ficm  amiaoas  dttaeUm  iifmimi 
an  oidUatwHM  of  ihe  latid,  Ae  efeoaiidii  ofriage%f  amd  Ike  fofmaUm^l 
much  local  detritus  "  (Bnasia  and  the  Tlral  Moontaina,  roL  L  pw  496). 
Speaking  of  the  heida  of  Hammotha  that  moat  ham  liiBd  in  Urn 
mrtherD  Urals,  the  same  writera  aaj :  "  Booh  mj|^  wa  add,  hana 
been  the  position  and  condition  of  aome  of  tfaaaa  oreatavBa  at  tta 
periods  when,  as  we  have  imagined,  the  higheat  ridgaa  of  thi 
Ural  were  thrown  up,  followed  by  the  mptnte  of  many  lakeat  md 
the  consemient  imtndtUion  of  large  traeU  oftkeflai  oataiirf  ,  prewiowdg 
frequented  6y  these  great  heMtorcms  amaiab*'  (mL  488). 

This  oompletes  oar  anrvev  of  the  Siberian  evidenoa,  and  I  iaka  it 
that  not  only  is  it  eveiywhere  oonaiatent  with  the  oonolnalon  cf 
this  paper,  namely,  that  the  Mammoth  waa  finally  eztingniahed  by 
a  sudden  catastrophe  involving  a  mat  diluvial  movement  over  all 
Northern  Asia,  and  accompanied  by  an  eqnally  aadden  and  Tiolant 
change  of  dimate,  but  that  it  ia  oonsiatent  with  no  other  conoltiaioo. 
We  are  now  in  a  position  to  foUow  ap  the  proUem  aa  it  ptaaanti 
itself  in  Europe,  where,  as  we  said,  many  subsidiary  dimouHiaa 
make  the  discussion  of  the  main  question  a  complicated  one.  It  is 
clear  that  these  difficulties  must  be  frankly  faced  if  our  theory  is  to 
remain  good,  and  I  propose  to  examine  them  in  another  paper, 
where  I  hope  to  show  that,  in  Europe  as  in  Siberia,  the  evidence 
points  overwhelmingly  to  the  same  conclusion. 


I 


IV. — Tub  Ashbubtov  Limbstomb:   its  Agb  and  Relations. 

By  A.  Champb&nowne,  M.A.,  F.G.S. 

T  has  been  for  some  time  a  matter  of  surprise  to  me  that 
Dr.  Holl,  in  his  exhaustive  memoir  "  On  the  Rocks  of  8.  Devon 
and  East  Cornwall/' — after  once  raising  the  question  "  whether  the 
limestones  "  (those  of  our  present  subject)  '*  might  or  might  not  be 
the  same  as  those  of  Ogwell,  Ipplepen,  and  Darlington  thrown  over 
a  broad  anticlinal  axis  of  tiie  lower  slates  to  the  North- West," ' — 
should  have  ceased  following  out  that  line  of  thought  to  what 
appears  to  me  the  only  possible  issue,  since  he  thoroughly  recog- 
nized the  existence  of  uniclinal  structures  in  parta  of  the  district 

It  may  be  as  well  to  say  at  once  that  I  do  not  believe  these 
limestones  to  be  on  a  lower  horizon  than  those  of  Ogwell,  Ipplepen, 
and  Dartington,  all  appearances  to  the  contrary  notwithstanding ; 
and  I  will  proceed  to  give  a  summary  of  my  reasons  for  holding  so 
])ronounced  an  opinion,  to  which,  let  me  add,  I  have  always  more 
or  less  inclined. 

That  the  direct  evidence  is,  as  Dr.  Holl  says,  against  it,  I  grant ; 
yet  not  "  entirely  "  so,  for,  as  he  himself  admits,  **  paleeontological 
records  would  not  altogether  discountenance  it"*    This,  as  far  as 

>  Q.J.G.S.  1868,  p.  442.  >  Le.  p.  443. 
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it  goes,  is  certainly  direct  evidence,  but  we  shall  see  that  there 
is  abundant  indirect  evidence,  tending  to  show  that  they  are  one 
and  the  same. 

Mr.  Qodwin-Austen  did  not,  as  far  as  I  am  aware,  ever  hint  at 
these  limestones  having  a  uniclinal  structure,  but  1  am  not  familiar 
with  his  earlier  papers,  though  quite  so  with  that  in  the  Trans.  Geol. 
Soa  2nd  series,  voL  vL  In  the  latter  the  Ashburton  limestone  is 
distinctly  referred  to  as  a  "  lower  limestone."  * 

As  regards  the  lithological  varieties  to  be  met  with  in  this  range 
of  limestones,  we  need  not  dwell  at  any  length.  Suffice  it  to  say 
that  it  is  usually  well-bedded  and  dark-coloured ;  occasionally 
dolomitized  but  not  extensively  so,  like  the  Dainton  mass  and 
others  which  are  crystalline  and  run  into  light  colours ;  but  that  in 
other  respects  it  may  be  paralleled  with  almost  any  of  the  limestones 
of  South-East  Devon  or  Plymouth.  Moreover,  it  is  quite  possible 
that  the  highest  beds,  which  at  Dartington  and  elsewhere  are  the 
dolomitized  portions,  may  be  seldom  seen,  that  is,  of  course,  provided 
the  uni-synclinal  folding  can  be  proved.  But  be  this  as  it  may, 
dolomitization  is  always  very  impersistent,  and  the  causes  of  its 
phenomena  still  very  enigmatical. 

We  now  come  to  the  fossils;  the  collector  will  be  sadly  dis- 
appointed in  these  limestones.  I  know  of  no  spot  where  fossils  can 
be  extracted  from  the  matrix,  but  the  records  can  be  fairly  well  read 
in  the  polished  slabs  of  Ashburton  marble,  on  the  large  sawn  blocks 
in  the  quarry.  Large  Stromatoporm  of  the  same  kind  as  those  which 
characterize  the  Ogwell,  Dartington,  etc.,  limestones,  are  very  abun- 
dant, two  may  be  cited — one  of  loosely  reticulated  and  open  structure 
(query,  not  named  or  var.  of  S.  polymorpha^  Goldf.) — another  of 
remarkably  fine  structure,  which,  with  my  kind  friend  Dr.  Carter,  I 
regard  as  belonging  to  the  same  section,  or  identical  with  S,  typica^ 
Boeen,  the  concentric  layers  *'  having  the  form  of  rhombs,  triangles 
and  pentagons,"'  thus  simulating,  though  lacking  the  geometrical 
constancy  of  the  HexactinellidoB. 

Interspersed  with  these  we  frequently  observe  fragmentary  sections 
of  Stringocephalw,  shells  which,  whether  from  the  large  septum 
projecting  from  the  concave  side,  or  from  the  punctate  shell- 
structure,  are  not  readily  mistaken.  Other  Brachiopod  sections, 
with  strisB,  betoken  Undies.  Some  portions  of  beds  are  full  of 
Gasteropoda,  among  which  the  outlines  of  Murchisonia  can  be  de- 
tected. Others  again  are  made  up  wholly  of  the  so-called  Caunopora 
ramosa,  Phillips,  which  is  also  common  in  the  Lemon  Valley  S.W. 
of  Bickington,  as  well  as  in  the  Ogwell  and  Bishopstei^nton  beds. 
It  abounds  also  in  the  Westphalian  limestone,  and  at  Paifrath.  Am- 
plexus  tortuosus,  Phillips,  simple  Cyathophylla,  apparently  few  as  to 
species,  Cystiphyllum  vesictUosum,  Goldf.,  Favosites  (sp.),  Aulopora 
repensy  Goldf.,  can  all  be  observed,  and  probably  other  forms  might 
be  added  to  this  small  but  significant  list,  which  links  the  Ashburton 
limestone  with  that  of  Schwelm,  Elberfeld,  etc. 

1  See  also  De  la  Beche,  Geol.  Report,  p.  69. 

'  Rosen,  *'  Ueber  die  Katur  der  Stromatoporen,''  p.  17  and  woodcut. 
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The  Chadleigh  limestone  hai  been  daMed  m  a  Icmer  Ibmmtam 
together  with  the  Ashborton  band  by  Hr.  Godwtn-Anafeeo,  m1 
indeed  looking  at  their  strike  on  the  map,  no  one  woold  TeaaonaMf 
doubt  their  belonging  to  the  same  nm  of  beds,  both  being  mora  « 
less  closely  skirted  along  their  North- West  side  by  a  downoaat  aisa 
of  Culm-measures.^ 

The  Ghudleigh  band  is,  to  say  the  least,  dosely  oonnaotod  by  ili 
fossils  with  that  of  OgwelL  In  addition  to  the  rioh  Gasfeeropod 
fauna  of  Lower  Upperoot  and  Eerswell  qoarriea  (of  whibh  a  Uik 
was  ^ven  in  Hr.  Beid's  paper,  Qiou  Mao.  1877,  p.  465),  Hr.  IHoaiy, 
F.Q.S.,  has  shown  me  in  bis  splendid  ooUeotion  two  specimens  of 
Uncites  gifphuB,  Defr.,  and  two  or  three  per&ot  calves  of,  I  beliefs^ 
Megalodan  earinaium^  SohlottheinL 

But  if  any  doubt  lately  existed  as  to  whether  the  Chadleigh  band 
is  identical  with  the  Qgwell  beds,  or  lower,  we  may  regard  it  as  now 
set  at  rest  Prof.  Boomer  (Qkol.  Mao.  1880)  assnrea  ua  that  tbs 
thin  red  limestone  beds  of  Lower  Dnnsoombe^  near  Ghndlei^ 
abounding  in  Cephalopoda,  are  the  Oan.  taiiiMstesiis  stage,  ha^in^  tibs 
same  relations  as  in  G(ermany,  namely,  at  the  snmmit  of  the  Biflsi^ 
kalk,  whioh  aooordingW  must  be  represented  by  the  Chndlsighp  no 
less  than  by  the  Ogwell  beds.*  But  the  Chadleigh  band  is  admitted 
to  be  the  continuation  of  the  Aehburton  band,  therefore  we  must 
logically  concede  the  same  identity  between  the  Ogwell  and  Ash- 
burton  beds. 

But  why  need  we  feel  staggered  at  the  uniclinal  structure  in- 
Tolved  in  this  identification,  merely  because,  in  two  or  three 
instances,  the  angle  of  inyersion  is  so  great  that  the  beds  lie  at 
20°  or  even  15°  to  the  horizon,  as  mentioned  by  Dr.  Holl  ?  This 
folding  is  in  fact  but  the  natural  continuation,  with  partial  flatten- 
ing of  the  axes  and  widening  of  the  area,  of  a  great  series  of 
folds  which  pass  North  of  the  Plymouth  limestone  and  round  the 
granite  by  Ivy  bridge  and  Ugborough  with  some  vertical  dips,  as 
clearly  shown  by  Dr.  Holl's  section.' 

In  the  large  quarry  at  Dean  the  dip  is  85®  towards  E.  5°  N.  Near 
Buckfastleigh  some  dips  of  20°  or  under  occur,  and  once  more  at 
Chewley,  S.  of  Ashburton.  Beyond  this  towards  the  North-East  the 
dips  again  become  high.  From  the  town  to  Gtx>dstone  they  are 
nowhere  under  45°,  along  inverted  margin.  The  line  as  laid  down  by 
Dela  Beche  needs  but  the  most  trifling  alteration.  Just  a  mile  N.E. 
of  the  town,  along  the  road  that  follows  the  boundary,  two  adjoining 
quarries  show  a  steady  dip  of  50°  &E.,  and  if  from  this  point  we 
cross  the  outcrop  (one  field  to  the  turnpike  road),  on  the  other  side 
we  come  first  upon  a  disused  quarry,  beds  dipping  30°,  and  then  the 
great  Ashburton  marble  quarry,  where  the  dip  is  steady  at  25°  S.E., 
half  the  first  angle.  It  seems  the  most  reasonable  inference  that  these 
planes  meet  at  no  great  depth  ;  in  other  words  that  the  limestone  is 
doubled  upon  itself.     From  the  road  on  the  inverted  margin,  156 

*  Vide  paper  by  the  author,  Gbol.  Mao.  1880,  last  par.  p.  361. 
'  The  (xou.  intumeacetu  stage  is  classed  by  the  Grerman  geologists  as  the  commence- 
ment of  the  Upper  Devonian.  ^  I.e.  p.  438. 
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paces  takes  us  to  the  furthest  limestone  face,  which  distance  at  50^ 
gives  a  thickness  of  more  than  300  feet  (354,  if  yards  were  paced, 
and  I  cannot  estimate  it  at  much  less).  Between  this  and  the 
turnpike  road,  along  the  level  ground,  we  must  presume  the  axis  of 
syncline  passes.  The  Hew  Mill  fault,  dying  out  at  this  point  as 
shown  by  De  la  Beche,  probably  exercises  little  or  no  eifect  on  the 
limestone  dips. 

There  are  other  interesting  facts  connected  with  these  limestones, 
bat  none  more  so  than  the  apparent  gaps  in  its  continuity.  For 
instance,  after  the  first  railway  catting  South  of  Ashburton  station 
there  is  no  limestone  until  we  reach  the  Pridhamsleigh  fault :  it  is 
abruptly  lost  for  f  of  a  mile.  This  is  caused  by  an  East  and  West 
fault  passing  Chewley  and  Summer  Hill,  and  meeting  the  Pridhams- 
leigh fault  at  an  angle  of  about  40®.  These  two  heave  the  wedge 
of  country  between  them  and  "  throw  out "  the  limestone  fold.  The 
evidence  is  clear;  for  the  mass  of  igneous  rock  constituting  Pear 
Tree  hill  is  shifted  towards  the  East  and  laid  open  in  the  railway 
cutting  (9th  milepost  from  Totnes)  dipping  about  35®  towards  E. 
26^  S.,  the  intervening  ground  towards  the  station  being  low  and 
swampy  where  the  fault  passes.^  The  rocks  immediately  S.E.  of  the 
town  appear  identical  with  those  on  the  N.W.,  the  limestone  being 
troughed  in  them. 

A  similar  gap  occurs  immediately  S.W.  of  Buckfastleigh,  between 
that  place  and  the  Dean  limestone  ;  but,  interesting  as  the  structure 
18,  present  space  will  not  admit  of  an  attempt  to  describe  it,  more 
than  to  say  that  the  Dean  band  is  evidently  thrown  down  by  a  fault 
on  the  north,  which  is  metalliferous,  having  been  once  worked  as  an 
iron  mine. 

In  the  country  to  the  East  and  South-East  of  the  whole  belt, 
taking  Woodland  as  a  centre  between  the  Dart  and  the  Lemon,  the 
igneous  rocks,  ash-beds  and  lavas,  rather  than  the  '^  greenstones," 
will  help  to  unravel  whatever  may  be  obscure  in  the  structure  ;  my 
maps  already  begin  to  foreshadow  the  appearance,  but  we  must 
remember  that,  igneous  rocks  excepted,  we  have  to  deal  with  an 
almost  purely  argillaceous  series,  and  that  there  is  little  at  first 
sight  to  dispel  the  illusion  of  an  ascending  series  from  the  Ashburton 
to  the  Ipplepen,  etc.,  limestones. 

It  is  necessary  however  to  point  out  that,  at  a  certain  distance  from 
the  South-east  of  the  limestone  band,  th^re  runs  a  belt  of  coloured 
slates,  purple  and  greenish,  which  have  an  important  bearing  on  the 
structure.  They  appear  about  a  mile  East  of  Buckfastleigh,  very 
narrow  at  first,  but  beyond  the  Pridhamsleigh  fault,  in  the  upcast 
country  about  Penrecca  slate  queirry, are  more  striking;  they  can  be 
traced  continuously  towards  the  North-east,  only  affected  by  N.W. 
and  S.E.  faults  which  equally  shift  all  the  rocks,  and  they  curve 
round  with  the  strike  near  Knighton  and  by  Knowle  Hill,  reappear- 
ing on  the  opposite  side  of  the  Teign,  where  they  are  exposed  in  the 
railway  cutting  near  Combe  cellars. 

Intrusive  rocks,  individually  of  small  extent,  break  out  along  their 
^  This  shifted  continimtion  of  the  Pear  Tree  rock  is  omitted  on  the  map. 
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line,  and  for  a  short  distuioe  from  the  ooiitMt»  the  ooloiir  fa  fM 
from  the  slatei.  Instanoes  of  this  oaa  be  seen  oonapioiioiMlj  a  a 
quarry  at  the  Northern  foot  of  Knowle  hill  near  Newton  AbboCfti  ail 
again  in  the  ootting  near  Oombe  oeIlan»  where  one  or  two  mmI 
tongues  a  few  feet  thiok  appear  isolated  in  the  diaoidoined  akAn 
ivhich  surround  them.  They  are  probably  only  brsnohas  fix»  As 
great  mass  that  runs  up  to  Bowdon  Gross. 

Thus  we  see  that  these  ookmred  slatea  whidi  ran  BJ!.  of  iks 
Ashburton  limestone  pass  North  of  the  Ogwell  masSi  and  Sontt  «f 
that  of  Bishopsteignton,  throwing  them  off  on  opposite  sides.  Hmj 
form  the  orest  of  a  denuded  and  overturned  antiolinal  liiM»  and 
clearly  oorrespond  with  the  oolonred  slatea  North  of  Plymontli,  at 
Mutley,  eta,  to  whioh  district  we  must  now  turn  oar  attention. 

The  apparent  thiolcness  of  slaty  rooks  North  of  Plymonft  if 
enormous.  An  excellent  paper**  On  the  Gedogr  of  Plymontii  **  wai 
written  by  Mr.  Worth,  F.Q.&,  for  the  Trans.  Elymoath  Institniun, 
1875.  In  that  paper  (p.  9)  he  pointed  oat  that  three  or  fbar  sab' 
parallel  belts  of  oobured  slates,  separated  by  slatea  of  the  ordinaiy 
type,  are  doubtless  only  one  group,  repeated  by  ftdds,  dbie  same 
general  dips  to  the  south  at  nigh  an^toa  prerailing  throag^MWti 
making  the  apparent  thickness  vastly  greater  than  the  aotosL 
Having  formerly  stayed  some  months  at  Enackersknowle,  I  can 
testify  to  the  truth  of  these  statements.  The  folds,  however,  are 
certainly  more  numerous  than  in  the  corresponding  South-East 
Devon  area,  and  the  purple  slates,  their  axes  less  thrown  over, 
rise  in  greater  bulk. 

Dr.  Holl  has  shown  how,  through  a  series  of  folds,  the  Liskeard 
and  St  Cleer  igneous  rocks  are  brought  down  to  Saltash,^  and 
Mr.  Worth  has  pointed  out  bow  close  the  igneous  bands  come  down 
to  the  outcrop  of  the  limestone  at  Devonport  ;*  so  that  one  may  now 
confidently  predict  that  the  so-called  *' Liskeard  and  Ashburton 
group  "  of  Sedgwick  and  Murchison  will  resolve  itself  into  a 
complicated  series  of  folds  of  the  "  Plymouth  and  Torquay  group," 
limestone  becoming  scarce  North-west  from  Plymouth,  or  possibly 
not  being  ''brought  in"  among  the  folds.  But  at  any  rate  such 
fossils  as  occur  in  this  direction,  especially  at  Liskeard,  have  been 
shown  by  Dr.  Holl  to  be  of  a  Middle  Devonian  type;'  there  is,  in 
fact,  no  sign  of  a  Lower  Devonian  or  Coblentzian  fauna  or  rock 
group  in  the  neighbourhood  of  Liskeard,  whatever  the  beds  of  the 
Looe  river  section,  or  those  of  Whitesand  Bay,  may  be. 

In  contrast  to  this  let  us  compare,  first,  a  small  tract  comprising 
strata  known  to  be  of  Lower  Devonian  age,^  the  Torquay  Promontory, 
with,  secondly,  the  slate  rocks  expanded  West  of  the  great  lime^ 
stones  of  Ipplepen,  etc  In  the  former  (saving  some  calcareous 
shales  with  lower  Eifel  Orlhidea,  Phacops  latifronSf  Spirifera  apeciosa, 
etc.,  which  peep  out  from  under  greatly  faulted  limestone  in  parallel 
stratification),  we  have  a  series  of  tough  grey  and  brownish  gran- 
wacke  grits  and  schistose  beds  with  fossils  of  the  Coblentzian  series, 

>  I.e.  p.  442.  *  l.e.  p.  7.  '  l.e,  table  iii.  p.  460. 

4  Murchison,  Siloria,  p.  398 ;  Salter,  Q.J.G.S.  1863,  p.  483. 
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passing  up  into  a  gronp  of  quartzose  grits  red  and  greyisb,  inter- 
stratified  with  purplish  and  variegated  sandy  shales — the  Lincomhe 
and  Warberry  griU^ — with  some  fossils  differing  from  the  Mead  foot 
beds,  notahly  spined  HomcUonott,  Moreover,  we  have  a  mass  of  rocks 
from  which  it  may  be  safely  asserted  that  not  a  decent  roofing-slate 
oould  be  obtained. 

In  the  latter,  namely,  the  slaty  district  of  Staverton,  Woodland, 
eta,  several  slate  quarries  are  worked,  and  there  is  apparently  an  utter 
absence  of  grit  bands  —I  know  of  none.  In  fact  the  difference  is,  to 
my  mind,  so  complete  as  to  lead  to  the  conclusion  that,  from  the 
West  of  the  Ogwell,  Ipplepen,  and  Partington  limestones  to  the 
extreme  North  of  the  county,  the  Torquay  grits  nowhere  reappear 
at  the  surface. 

This  formerly  presented  a  difficulty  to  my  mind,  at  least  whilst 
acquiescing  in  a  downward  sequence  frem  the  Ogwell  limestone  to 
the  Culm-measure  fault ;  but  after  having  convinced  myself  that  the 
Ashburton  is  identical  with  the  Ogwell  limestone,  and  consequently 
that  this  downward  sequence  is  illusory,  and  further,  that  the  Lower 
Devonian  is  on  all  sides  faulted  through  the  Torquay  limestones,  the 
difficulty  has  disappeared. 

A  suite  of  fossils,  collected  from  several  slaty  localities  West  and 
'South-west  of  Totnes,  to  which  I  hope  some  day  to  draw  attention, 
will  go  far  towards  confirming  the  view  that  a  large  portion  of  the 
South  Devon  slates  must  be  classed  as  Middle  Devonian  with  the 
limestones,  which  they  both  laterally  replace  by  interdigitation,  and 
also  partially  underlie.  In  particular  the  slates  of  Englebourne 
Quarry  near  Harbertonford  at  once  recall  the  Wissenbach  slates, 
with  which  to  some  extent  the  organic  remains  also  correspond. 

It  is  worthy  of  remark,  as  distinctly  bearing  upon  this  subject, 
that  M.  Dewalque,  speaking  of  certain  tints  employed  by  H.  von 
Dechen,  especially  for  the  slates  of  Wissenbach,  observes  parentheti- 
cally that  there  is  a  general  consent  now-a-days  to  regard  them  as 
the  local  equivalent  of  the  limestone  of  Givet  (Eifler  Kalk).*  The 
writer  then  mentions  the  Lenne  schists  as  having  a  special  tint.  If 
we  draw  a  line  due  South  from  Elberfeld  to  Bensberg,  across  these 
schists,  we  find  nothing  to  support  the  notion  of  a  lower  reef  lime- 
stone ;  on  the  contrary  the  Paffrath  and  Refrath  series,  as  prolific  as 
any  Middle  Devonian  succession,  hold  a  position  analogous  to  that  of 
the  Ashburton  limestone,  the  older  beds  resting  on  the  younger,  a 
fact  which  greatly  strengthens  the  views  advocated  in  this  paper.^ 

When  we  reflect  that  all  the  rocks  of  our  peninsula  are  but  a  link 
in  a  system  of  plications  that  extend  through  South  Ireland,  under 
the  South-Eastem  Counties,  through  Belgium,  the  Rhine  Province 
and  the  Hartz ;  and  on  the  one  hand,  at  Killarney,  we  have  the 

^  These  must  not  be  confonnded  with  the  purple  sandstones  and  slates  of  Cocking- 
ton,  Ockham,  Beacon  flill,  Windmill  Hill,  Southdown  Cliff,  etc.,  etc.,  which  are  of 
Upper  Devonian  age,  doubtless  the  equivalents  of  the  Pickwell  Down  sandstones  of 
North  Devon. 

'  Prodrome  d'une  description  g6olog^que  de  la  Beldque,  1880,  p.  114. 

'  Murchison  and  Sedgwick,  Trans.  Geol.  Soc.  2n(r8eries,  vol.  vi.  pp.  241 — 244. 
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Carbonifeious  Limestone  thrown  under  theGIengBiriff  Ghit%  diente 
Goal-measareB  under  the  Carhonifeiona  Liroeetone  of  the  Mendip^i 
and  Eastward  Dumont's  well-proyed  Belgian  inTeinioii%  eti^  on 
preseul  subject  assumes  but  a  very  subordinate  place  in  ao  gnri 
a  system. 

Such  sound  genendizations  as  a  ^  oontiaoting  omst  **  with  **  latwd 
displacement "  through ''  tangential  thrus^"  now  happily  rank  as  psit 
of  the  common  stock  of  knowledge.  No  writing  has  tended  to  htiflc 
this  about  in  a  greater  degree  ibm  Tftot  Heim'a  magnifioent  won 
''  On  the  Mechanism  of  the  Formation  of  Mountains,  and  Monogrsph 
of  the  Todi-Windgalle  group,"  embodying  the  grand  diaoovenea  of 
Escher  von  der  Linth. 

Fortified  by  such  established  facts,  we  feel  unfettered  in  identi- 
fying distant  out-crops  from  the  sum  of  their  ohaiactersy  palsdonto- 
logical,  eta,  a  vera  catcsa  being  reo(>|pised  for  their  ^ypearanoe  ia 
poBitions  the  most  startline  at  first  sight 

I  cherish  the  hope  of  being  yet  able  to  publish  a  geologiod 
map  of  this  Calciferous  district,  indoding  portions  <d  Sheets  22  to 
25  of  the  One-inch  Survey,  having  spared  no  paina  to  lay  down  the 
lines  as  oorreotly  as  the  imperfect  topography  and  hal&woni-oiit 
engraving  of  the  old  maps  wul  admit  of. 

Note, — Tliis  seems  a  fitting  opportunity,  since  several  igneous* 
rocks  have  been  referred  to,  for  saying  that  Mr.  Rutley,  of  the 
Geological  Survey,  has  kindly  examined  and  given  me  a  written 
opinion  on  many  slices  of  South  Devon  rocks,  which  have  been  cut 
for  me  by  Mr.  Cuttell.  They  are  chiefly  from  the  important  lavas 
of  Upper  South  Devon  (Upper  Devonian)  age  that  run  East  and 
West  through  Totnes  and  the  adjoining  parishes  of  Harberton, 
Ashprington,  Cornworthy,  etc.  Whilst  hoping  to  do  justice  to  them 
in  their  proper  place,  I  will  only  now  observe  (being  quite  a  tyro 
at  the  polariscope  myself)  that  there  is  the  strongest  concurrence 
between  the  verdicts  given  and  the  aspect  of  the  rocks  in  the  field. 


V. — On  the  Absekoe  of  Joint-Structure  at  Great  Depths,  and 
ITS  Relations  to  the  Forms  of  Coarsely  Crystalline  Erup- 
tive Masses. 

By  W.  0.  Crosby,  of  Boston,  Mass.,  U.S.A. 

*^TT  is  often  said  by  vein-miners  who  have  worked  at  great 
X  depths,  that  the  jointed  structure  of  rocks  fades  away  and 
disappears  in  the  deeper  parts  of  the  mines.  This,  however,  is 
probably  a  case  of  the  rule  '  de  non  apparentibus  et  non  existentibus 
eadem  est  ratio.'  All  the  joints  near  the  surface  are  more  or  less 
acted  on  by  the  weather.  The  deeper-seated  rocks  may  be  just  as 
much  traversed  by  joints,  but  they  are  merely  mathematical  planes 
of  division,  the  faces  of  the  blocks  adhering  as  closely  as  if  they  did 
not  exist  till  the  weather  makes  them  apparent,  or  some  force  tears 
the  blocks  asunder." 

This  extract  from  Jukes  and  Geikie's  Manual  of  Geology  ^  is 
^  ^  Third  edition,  p.  181. 


W.  0.  Crosby — Absence  of  Joint- Structure  at  Oreat  Depths,  417 

undoubtedly  a  correct  expression  of  the  prevailing  opinion  among 
geologists  concerning  the  lower  limit  of  the  joint-structure.  A 
joint,  of  course,  is  always  a  plane  of  division,  not  a  theoretical  or 
potential  plane,  as  in  ciystalline  cleavage,  but  an  actual  physical 
break,  of  which  the  quarry  man  and  miner  consciously  or  uncon- 
sciously take  advantage.  And  the  joint  must  be  almost  equally  a 
source  of  weakness  in  the  rock,  whether  it  exists  as  an  open  crack 
near  the  surface,  or  as  a  merely  matheibatical  plane  at  greater 
depths.  Now  it  seems  probable  that  the  miner  judges  of  the 
persistence  or  non-persistence  of  the  joint-structure  in  depth,  not 
so  much  by  the  presence  or  absence  of  visible  planes  of  division,  as 
by  the  ease  with  which  the  rock  is  broken  and  removed.  If  this  is 
so,  then  it  is  clear  that  the  criticism  embodied  in  the  foregoing 
quotation  from  a  standard  authority  fails  to  cover  the  point ;  and 
the  relation  of  jointing  to  depth  must  be  regarded  as  an  open 
question  still. 

Geologists  are  generally  agreed  that  the  two  principal  causes  of 
joint-structure  are  contraction  of  the  rocks  and  movement  of  the 
rocks ;  and  the  contraction,  speaking  generally,  must  be  ascribed 
either  to  the  consolidation  of  sedimentary  rocks,  the  cooling  of 
eruptive  rocks,  or  the  crystallization  of  rocks  of  either  class. 

The  notion  generally  held  by  geologists  that  the  jointing  continues 
downward  indefinitely,  perhaps  as  far  as  the  rocks  are  solid,  may  be 
sound  enough  when  only  the  joints  due  to  movements  of  the  rocks 
are  considered,  but  when  we  take  into  account  the  more  general  and 
efficient  cause  of  jointing — contraction — this  view  seems  to  rest  on  no 
better  foundation  than  the  supposed  fact  that  no  scientific  observa- 
tion or  theory  points  to  the  contrary  conclusion.  My  present 
purpose,  however,  is  to  show  that,  even  if  we  reject,  as  untrustworthy 
in  this  instance,  the  testimony  of  the  miners,  there  is  still  good 
ground  for  believing  that,  in  the  stratified  rocks  at  least,  the  joint- 
structure  due  to  contraction  is  to  a  very  large  extent  a  superficial 
phenomenon. 

Taking  a  general  view  of  the  deposition  of  the  stratified  rocks,  let 
us  trace  the  history  of  a  single  stratum,  and  observe  where  and  when 
the  joint'Structure  arising  from  contraction  is  probably  first  developed 
in  it.  As  the  process  of  deposition  goes  on  over  the  area,  this 
stratum  is  gradually  compacted  by  the  increasing  pressure  of  newer 
deposits,  and  we  get  contraction  in  the  vertical  direction ;  but  I 
think  too  much  stress  cannot  be  laid  upon  the  fact  that  a  vertical 
pressure,  acting  directly,  must  be  entirely  inoperative  so  far  as  the 
development  of  joint-structure  is  concerned,  since  this  demands  lateral 
contraction.  However,  as  the  pressure  imposed  upon  the  stratum  by 
later  sediments  increases,  so  does  the  temperature,  through  the  rising 
of  the  isogeotherms ;  and  this  higher  temperature,  co-operating  with 
the  pressure,  effects  the  expulsion  of  a  portion  of  the  water  with 
which  the  material  was  originally  saturated.  The  loss  of  water  from 
the  stratum  means,  of  course,  a  tendency  to  contract  in  all  directions  ; 
though  still  chiefly  in  the  vertical  direction,  owing  to  the  controlling 
influence  of  gravity.     Thus  it  appears  that  only  a  modicum  of  the 
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contraction  wliicli  the  vock  experiences  duritig  ils  coDsolidation  ai;<i 
burial  uniier  newer  formations  is  in  tlie  horizontal  directioo,  iu  wLidi 
alone  it  can  result  in  the  formation  of  joiola. 

But  does  this  lateral  conti-aotion  acliially  occur?  Tliis  seema 
at  least  doiibtful ;  for  the  increase  in  tempemture,  which  for  ft 
reasonable  depth — say  10,000  feet — must  bo  considerable — probably 
200^  F.,  means  a  tendency  to  expansion.  The  contraction  of  the 
rocks  resulting  in  the  formation  of  joints  is,  of  course,  tneasnred  by 
the  volume  of  the  joint-oracks,  when  they  have  not  been  widened 
by  atmosphonc  action,  etc.,  and  are  really  contraction  and  nnt 
movement  joints.  Now  the  volume  of  the  joint-cracfcs  will  not 
pi'obably  iu  ordinary  rocks  amount  to  more  than  a  small  fraction 
of  one  per  cent,  of  the  volume  of  the  rock.  But,  according  to 
Colonel  Totten's  experiments,  the  moderate  increase  of  temperature 
Biipposed  above  would  produce  an  espansion  of  about  '001  in  marble. 
and  -002  in  sandsione ;  enough,  probsbly,  to  close  up  all  the  joiuta 
in  each  of  these  I'ocks,  i.e.  to  oonutcract  the  tendency  to  lateral 
cout  ['action. 

At  greater  depths  than  10,000  feet  the  influence  of  heat  in  opposing 
the  contraction  of  the  rocks  would  be  still  more  marked,  for  whil« 
the  temperature  and  pressure  both  probably  inereape  at.  a  sensibly 
uniform  rate  for  at  least  ten  or  twenty  miles  below  the  surface,  aui! 
the  rate  of  expansion  may  be  assumed  as  sensibly  the  same  for  a 
range  of  temperature  of  1000°  or  more,  yet  the  tendency  of  the 
rocks  to  oontiaot  through  either  compression  or  loss  of  water  must 
diminish  rapidly. 

According  to  the  argument  here  presented,  then,  it  is  possible  that 
sediments  may  be  carried  down  to  any  depth  in  the  earth's  crust, 
and  attain  any  degree  of  consolidation,  withont  becoming  jointed. 
It  will  be  claimed  (and  admitted),  however,  that  a  net  contraction 
must  take  place  sooner  or  later ;  for  this  is  required  by  the  nniversal 
jointing  of  the  rocks  at  the  surface.  But  when  and  where  wilt 
this  occur. 

Suppose  that  onr  sea-floor  becomes  diy  land — is  changed  from  an 
area  of  deposition  to  one  of  erosion,  then  during  the  lapse  of  ages 
the  particular  stratum  which  we  are  following  is  gradually  brought 
back  toward  the  surface.  The  isogeotberms  fall  and  its  tempemture 
is  lowered,  and  at  the  same  time  the  pressure  of  the  superincumbent 
beds  is  removed.  The  cooling  necessarily  implies  contraction ;  bat 
the  removal  of  pressure  is  not  necessarily  followed  by  expansion, 
because  the  sediments,  while  subjected  to  pressure,  and  largely  as  a 
result  of  the  pressure,  have  become  consolidated  ;  and  if  they  are 
compared  to  a  compressed  spring,  it  should  be  to  a  spring  which  has 
received  a  permanent  set. 

In  other  words,  as  the  deeply  buried  stratum  gradually  nears  the 
surface,  through  erosion,  it  for  the  first  time  actually  experiences 
contraction  in  all  directions  and  becomes  jointed  ;  and  this  is  the 
direct  result,  not  of  pressure  or  desiccation,  but  of  cooling.  The 
cooling,  contraction  and  jointing  are  proportional  to,  and  keep  pace 
with,  the  erosion.    Hence  it  follows  from  this  way  of  regarding  the 
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■nbjeot  that  contraction-joints  have  thoir  best  development  at  the 
surface,  gradually  dying  out  at  considerable  depths,  but  constantly 
growing  downwards  as  the  surface  is  lowered  by  denudation. 

This  argument  for  the  essentially  superficial  nature  of  joint- 
structure,  derived  from  considerations  touching  upon  its  origin,  is, 
in  itself,  perhaps,  too  speculative  to  carry  conviction  to  many  minds  ; 
but  I  feel  that  this  criticism  will  not  lie  with  equal  force  against  the 
argument  based  upon  the  relations  of  the  jointing  of  the  rocks  to  the 
forms  of  eruptive  masses,  which  I  now  proceed  to  present^ 

There  are  few,  if  any,  geologists  who  will  question  the  truth 
of  the  proposition  that,  in  general,  other  things  being  equal,  the 
coarseness  of  the  crystallization  of  eruptive  rocks  is  proportional  to 
the  depth  below  the  surface  at  which  they  have  cooled  and  solidified  ; 
and  consequently  that  we  see  coarsely  crystalline  eruptives  exposed 
on  the  surface  now  only  as  the  result  of  extensive  erosion  or  fault- 
ing ;  so  that,  when  these  rocks  are  exposed  by  erosion,  as  in  most 
oases,  the  mean  size  of  the  crystals  becomes  a  rough  measure  of  the 
amount  of  denudation  which  the  region  has  suffered,  and  of  the  age 
of  the  intrusives. 

It  is  also  a  fact,  well  known  to  most  field-geologists  at  least,  that 
the  regularity  of  the  outlines  or  boundaries  of  an  intrusive  mass  is 
inversely  proportional  to  the  coarseness  of  its  crystallization.  To 
appreciate  this  point  it  is  only  necessary  to  compare  the  form  of 
a  typical  mass  of  granite,  or  any  granitic  rock,  with  that  of  a  typical 
mass  of  some  fine-grained  exotic,  like  ordinary  basalt.  The  latter 
is  straight  and  wall-like ;  while  the  former  is  thoroughly  irregular, 
and  penetrates  the  surrounding  formations  in  many  jagged  spurs 
and  branches. 

In  other  words,  and  speaking  generally,  the  coarsely  crystalline 
eruptives,  which  have  cooled  at  great  depths,  occupy  extremely 
irre<5ular  cavities  in  the  crust ;  while  the  seats  of  the  finely  crystal- 
line eruptives,  which  have  cooled  near  the  surface,  are  well-defined, 
wall-like  fissures,  with  parallel  sides. 

It  goes  almost  without  saying  that  the  forms  of  the  cavities  and 
fissures  filled  by  intrusives  are  determined  very  largely  by  the  joint- 
structure  of  the  enclosing  rocks  ;  and  where  these  are  well  jointed, 
the  avenues  for  the  liquid  rock  are  formed  mainly  by  the  simple 
widening  of  the  joint-cracks.  In  proof  of  this  it  will  suflice  to  cite 
the  familiar  fact  that  dykes,  if  formed  of  fine-grained  rocks,  generally 
conform  closely  in  direction  with  the  principal  joint-planes  of  the 
intersected  formation. 

Now  one  of  the  most  important  and  persistent  characteristics  of 
joint-structure,  especially  in  stratified  rocks,  is  its  regularity  and 
the  really  wonderful  constancy  in  trend  and  dip  of  the  joint-planes 
over  extensive  districts.  Tlierefore,  fissures  produced  in  a  well- 
jointed  formation  must,  on  the  average,  be  far  more  regular  than 
those  arising  in  a  portion  of  the  crust  where  the  joint-structure  is 
wanting  or  is  only  imperfectly  developed.  The  difference  is  precisely 
that  between  the  fractures  of  highly  cleavable  minerals,  like  calcite 
or  galenite,  and  of  uncleavable  minerals,  like  quartz. 
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Suppose,  now,  tliat  we  Lave  a  model  of  the  earth's  cmst  corapoieS 
of  a  liiyer  of  quarts  or  glass  below  and  a  layer  of  oalnite  above,  with 
a  biyer  of  some  imperfeotly  cleavable  mineral  like  felspar  between ; 
Biiil  Buppoae  fiirtlier  tlint  tbia  in  subjecled  to  strains  so  as  to  prodae* 
(raiisveree  fractures.  It  is  perfectly  evident  tliat  the  ohamct«r  of 
the  miniature  fissures  thus  formed  will  vary  with  the  depth,  being 
almost  mathematically  regular  in  the  calcite,  and  very  irregular  in 
tlie  quartz  or  glass. 

But  we  know,  by  the  outlines  of  the  coarsely  eryatnlline,  i.e.  the 
originally  deep-seated,  exotics,  that  the  fractures  produced  at  great 
depths  in  the  earth's  crust  are  highly  irregular ;  and  I  believe  that 
we  find  the  best,  if  not  the  only,  explanation  of  this  well-established 
fast  in  the  supposition  that  the  actual  structure  of  the  crust  is  fairly 
represented  by  our  imaginary  model,  the  crystalline  cleavage  iu  the 
latter  corresjwnding  to  the  jointing  of  the  former. 

In  other  words,  we  know  that  fissures  formed  in  the  earth's  cnist 
are  regular  near  the  surface  and  irregular  at  considerable  depths. 
The  superficial  regularity  is  clearly  attributable  to  the  joint-stnic- 
ture;  while  the  greater  irregularity  in  the  deeper  portions  of  tlie 
crust  is  a  plain  indioation  that  the  joint- structure  fades  away  down- 
wards. Certainly,  in  view  of  the  marked  influence  of  the  jointing 
upon  the  forms  of  fissures  near  the  surface,  it  is  difficult,  if  not 
impossible,  to  conceive  how  the  extremely  irr^nlar  fractures  pro- 
duced nearer  the  source  of  eruptive  rooks  could  have  arisen  in  well* 
jointed  formations. 

It  is  important,  however,  in  seeking  an  explanation  of  the  ex- 
tremely ragged  outlines  of  many  granitic  masses,  to  recognize, 
besides  the  absence  of  jointing,  the  toughening  effect  of  high 
temperatures,  which  produce  incipient  plasticity  and  cause  the  un- 
jointed  rock  to  tear  rather  than  break. 


VI. — How   TO  "WOBK   IK  TBK  AbCHAAN  BoOBS. 

Bj  C.  Caluwat,  M.A.,  D.Sc,  (Lond.),  F.G.8. 

{Cancbidid/Tam  p.  363.) 

THE  mineral  eompo*ition  of  rocks,  often  an  important  test  in  com- 
paratively unfossiliferous  formations,  such  as  the  Trias,  becomes 
of  supreme  vaJue  amongst  the  Archtean  groups.  It  is  very  frequently 
the  onlg  kind  of  evidence  available,  and,  used  vrith  due  caution,  may 
lead  to  decisive  results.  In  Anglesey,  as  illustrated  in  Fig.  1,  and 
already  described,  it  is  nearly  as  conolusive  as  the  testimony  of 
organic  remains ;  for  the  great  similarity  of  the  dark  schist  in  two 
areas  so  near  together  renders  their  correlation  in  the  very  highest 
degree  probable.  The  gneissio  rocks  of  the  Malvern  Hills  have 
been  classed  as  Laurentian  on  the  ground  of  the  lithological  resem- 
blance between  the  two  groups,  &ough  3000  miles  apart ;  and  the 
determination  has  been  generally  accepted.  But  in  such  a  case  as 
this,  high  probability  is  all  we  can  expect.  Other  gneissio  and 
schistose  systems  have  been  described  in  America,  though  none  of 
them  so  closely  resemble  the  Malvern  series  as  the  Laurentian. 
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This  test  decreases  in  value  as  the  formations  compared  in- 
crease in  distance.  Purple  rocks,  like  the  Wrekin  lavas,  are  found 
about  twelve  miles  to  the  west,  in  Pontsford  Hill,  and  they  may 
reasonably  be  referred  to  the  same  series.  But  the  same  high 
probability  cannot  be  claimed  for  a  certain  purplish  grit  near 
Bangor,  which  in  hand  specimens  can  hardly  be  distinguished  from 
some  of  the  Wrekin  tuffs.  It  is  much  more  likely  that  the  same 
conditions  prevailed  at  the  same  time  over  an  area  of  a  few  miles 
round  the  Wrekin  than  that  they  did  so  from  the  Wrekin  to  the 
Menai  Straits.  The  very  same  volcanos  might  have  poured  forth 
both  the  Wrekin  and  the  Pontsford  Hill  lavas,  but  it  is  less  probable 
that  volcanos  were  contemporaneously  ejecting  similar  material  in 
both  the  Wrekin  and  Bangor  areas.  Were  the  two  formations  com- 
pared separated  by  the  breadth  of  the  Atlantic  Ocean,  the  probability 
would  be  still  further  weakened. 

Several  considerations  must  be  taken  into  account  in  estimating 
the  value  of  this  test.  It  is  first  of  all  necessary  to  ascertain  that 
the  rock  under  investigation  is  older  than  the  Cambrian,  If  this 
cannot  be  proved,  the  evidence  is  much  weakened.  The  rocks  of 
Chamwood  Forest,  for  example,  are  overlain  on  all  sides  by  strata 
none  of  which  are  older  than  the  Carboniferous,  so  that  all  we  can 
learn  from  superposition  is  that  the  Oharnwood  series  is  Pre- 
Carboniferous.  Lithologically,  the  formation  has  affinities  both  with 
the  Pebidian  and  with  the  Green  Slates  and  Porphyries  of  the  Lake 
District,  supposed  to  be  Ordovician.  If  the  Chamwood  group  could 
be  shown  to  be  older  than  the  Cambrian,  the  latter  hypothesis  would 
obviously  be  excluded,  and  the  Pebidian  age  of  the  series  would 
become  almost  certain.  Even  as  it  is,  the  mineral  resemblances 
between  these  rocks  and  the  Pebidian  are  so  great  that  there  is  high 
probability  of  their  contemporaneity.  In  Anglesey  there  is  a  great 
series  ^  of  slates,  shales,  breccias,  and  conglomerates,  which  much 
more  closely  resembles  the  St.  Davids  Pebidian  than  does  the 
Chamwood  groups.  They  are  older  than  the  Cambrian,  for  the 
Lower  Cambrian  contains  pebbles  derived  from  them.  This  narrows 
the  evidence  considerably.  We  are  acquainted  with  only  two  or 
three  ArchsBan  groups  in  Britain,  and  as  the  Anglesey  series  is 
Archsean,  and  has  no  resemblance  to  any  other  group  than  the  Pe- 
bidian, with  which  moreover  its  affinities  are  numerous  and  striking, 
the  proof  of  its  Pebidian  age  is  almost  complete.  Lithological 
resemblance  alone  is  not  sufficient ;  Pre-Cambrian  age  alone  is  not 
sufficient,  since  there  are  several  Pre-Cambrian  groups ;  but  the 
two  combined  form  a  fairly  conclusive  mass  of  evidence. 

Another  important  accessory  test  is  similarity  of  succession.  The 
mineral  resemblance  between  two  groups  of  strata  at  some  distance 
from  each  other,  though  often  reasonably  satisfactory  proof  of  con- 
temporaneity, is  sometimes  open  to  uncertainty,  owing  to  the  possi- 
bility of  the  resemblance  being  mere  coincidence.  The  dark-green 
schist  on  the  Menai  Straits,  in  Anglesey,  is,  for  example,  undis- 
tinguishable  from  the  dark  schist  (Fig.  1,  e)  of  the  central  band. 
^  DoBcribed  in  Quart.  Joum.  Geol.  Soc.,  May,  1881. 
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But  there  ib  the  bare  poBsihility,  though  little  probability,  that  tljo 
former  is  Bome  other  uokuown  group,  Binoe  the  etrala  of  the  two 
dietricts  canuot  be  connected  with  each  other,  owing  to  au  ioler- 
Tening  faulted  area.  Further  examination,  however,  removes  tbe 
shadow  of  the  doubt.  Underlying  the  dark  schist  in  the  Menu 
band  is  a  grey  gneiss  precisely  aimilnr  to  the  beds  (d),  which  pasi 
under  the  green  schist  (e)  in  the  central  area.  ■  We  have  here,  then, 
n  reserablance  not  only  of  miaerol  ooinpoBition  and  structure,  but  ot 
BuccesGton.  It  is  absolutely  itioredible  that  similar  gneiss  underlying 
similar  schist  in  the  two  localities,  vrhich  are  only  three  miles  apart, 
should  be  due  to  coincidence. 

In  comporiiig  fomiations  by  their  mineral  cbnraaters,  it  is  neces- 
sary to  talie  them  at  a  whole.  To  select  specimens  with  a  view  to 
favour  a  preconceived  theory  will  lead  to  no  satisfactory  result. 
Some  examples  will  illustrate  this  point.  Comparing  the  Arcbsean 
volcanic  series  of  Shropshire  with  the  Arohffian  volcanic  series  of 
Bangor,  we  find  some  striking  reseoiblances.  Some  of  the  felspathio 
grits  are  almost  nndistinguishahle  in  hand  speoimena  ;  colour,  texture, 
and  constituents  being  the  same.  On  the  other  hand,  the  diffprcnces 
are  numerous.  The  lava  flows  of  Bangor  oowlain  blebs  and  small 
crystals  of  quartz,  and  many  of  tbo  grits  anil  slaty  beds  are  unlike 
in  colour  and  composition.  These  dissimilarities  are  by  no  means 
fatal  to  the  identity  of  the  two  groups,  but  they  weaken  the  evidence 
in  its  favour.  A  second  example  occurs  in  the  Scottish  Highlands. 
One  of  the  great  unsettled  questions  of  the  day  is  the  uge  of  the 
newer  gneiss  series,  which  occupies  the  chief  part  of  northern  and 
western  Scotland.  Murchison  claimed  to  have  proved  its  Ordovician 
(Lower  Silurian)  age,  hut  some  others  have  asserted  that  it  is  simply 
the  fundamental  gneiss  or  Lewisian  of  the  north-west  coast  hrongfat 
np  again  in  the  centre  and  east  of  the  Hi^ands.  Those  who  bold  the 
lattflr  view  maintain  that  the  speoimens  which  they  have  obtained 
fbom  the  Lewisiau  are  closely  similar  to  some  of  the  eastern  types. 
This  may  be  quite  true.  Tet  it  is  indisputable,  as  pointed  oat  long 
since  by  Murchison  and  his  followers,  that,  taken  as  a  whole,  the 
two  rock-groups  are  widely  dissimilar.  The  older  gneiss  is  massive, 
intensely  orystalline,  and  frequently  homblendio;  while  the  younger 
is  thin-bedded,  not  coarsely  crystalline,  and  contains  mioa  instead 
of  hornblende.  While,  then,  in  this  district  it  may  he  difficult  here 
and  there  to  assign  a  rock  to  its  true  place  on  lithologioal  evidence 
alone,  yet,  studying  the  rook-maaaeG  on  the  large  scale  in  the  field, 
the  differonoee  between  the  two  gneisses  are  broad  and  well-marked. 
Whether  or  not  Murchison  was  right  in  claiming  im  Ordovician  age 
for  the  thin-bedded  gneiss  is  another  question  ;  hut,  in  the  writet^s 
opinion,  there  is  not  a  shadow  of  donbt  that  it  is  quite  distinct  from 
the  Lewisisn,  and  of  less  antiquity.  The  Pehidian  rooks  of  Anglesey 
furnish  us  with  another  illustration  of  the  necessity  of  oomparing 
formations  as  a  whole.  In  some  parts  of  Northern  Anglesey,  the 
slaty  rocks  are  highly  altered,  so  as  here  and  there  to  pnt  on  the 
form  of  a  true  metamorphic  schist,  which  approaches  in  texture  and 
1^    oomposition  some  of  the  chloritio  bands  of  the  older  gneisstc  seiies. 
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But  a  oarefal  study  of  the  whole  district  leads  to  the  conclusion 
that  these  altered  patches  are  subordinate  parts  of  a  comparatively 
unaltered  group  which,  taken  as  a  whole,  differs  widely  from  the 
mora  ancient  series,  which  is  thoroughly  metamorphosed  fro^  top 
to  bottom. 

In  studying  the  lithology  of  a  formation,  its  degree  of  metamorphism 
is  an  important  factor  in  the  evidence.  Sufficient  material  has  not 
yet  been  collected  to  form  the  basis  of  a  theory ;  but,  so  far  at  least 
as  England  and  Wales  are  concerned,  the  researches  of  the  last  few 
years  lend  some  support  to  the  opinion  that  regional  metamorphism 
is  found  only  in  Archs&an  rocks,  and  that  the  degree  of  alteration 
is  proportioned  to  the  antiquity  of  the  group.  M urchison  held  that 
the  Malvern  metamorphic  rocks  were  altered  Cambrian,  but  no  one 
now  doubts  their  Archaean  age.  The  **  altered  Cambrian,"  mapped 
by  the  Geological  Survey  as  forming  a  band  flanking  each  side  of 
the  granitoid  axis  of  St.  Davids,  clearly  underlies  the  basement 
conglomerates  of  the  Lower  Cambrian,  and  is  the  typical  Pebidian 
of  Hicks.  The  "  altered  Caradoc "  which  is  found  here  and  there 
in  the  central  Salopian  chain  is  sometimes  an  unaltered  rock,  some- 
times a  quartzite  whose  Archaean  age  cannot  be  disproved,  but 
generally  it  is  a  part  of  the  great  Archaean  volcanic  series.  The 
altered  rocks  of  Anglesey,  the  "  metamorphic  Cambrian  and  Silurian  " 
of  the  Survey,  are  shown  by  a  variety  of  evidence  to  be  older  than 
the  Cambiian.  Rocks  of  precisely  the  same  mineral  character, 
showing  the  same  order  of  succession,  and  lying  on  the  same  strike, 
are  sometimes  coloured  by  the  Survey  as  "  Cambrian,"  sometimes  as 
"  Silurian."  True  Cambrian  and  **  Silurian "  strata  do  indeed 
occur  in  many  parts  of  Anglesey,  and  they  have  given  their  name 
on  the  map  to  the  metamorphic  rocks  which  happened  to  be  near 
them ;  but  tn  no  case  are  there  any  signs  of  a  transition  between 
the  altered  and  unaltered  beds.  The  evidence,  then,  on  which 
the  Cambrian  and  ''Silurian"  age  of  the  metamorphic  rocks  of 
Anglesey  has  been  based  proves,  on  a  critical  examination,  to  be 
unsound,  and  indeed,  in  some  C€ises,  self-destructive.  Along  the 
north-western  margin  of  Caernarvonshire  are  bands  of  supposed 
*•  altered  Cambrian,"  which  in  like  manner  turn  out  to  be  of  greater 
antiquity.  The  partially  altered  rocks  of  the  Chamwood  Forest 
area,  regarded  as  Cambrian  by  the  Survey,  are  now,  as  previously 
shown,  considered  to  be  Pebidian.  Every  case  of  supposed  meta- 
morphic Cambrian  or  "Silurian"  has  been  invalidated  by  recent 
researches,  and  we  are  driven  to  the  conclusion  that  within  the 
English  and  Welsh  area  there  is  a  presumption  in  favour  of  the 
supposition  that  any  district  of  altered  rock  which  may  be  discovered 
is  of  Archaean  age. 

That  the  degree  of  metamorphism  is  proportioned  to  the  antiquity 
of  a  rock -group  is  strongly  suggested  in  England  and  Wales.  The 
Pebidian  of  St  Davids  has  undergone  chemical  change,  but  has  not 
been  converted  into  a  crystalline  schist.  Shales  have  become 
chlontic,  felspathic  mud  has  been  changed  to  homstone,  and  vol- 
canic ash  has  been  indurated  into  a  rock  bearing  a  superficial  re- 


42 1       Br.  C.  CaUaieay—Eoir  to  Work  the  Arc/iwan  Ruchi. 

BeniMance  to  greenatone.  The  Febidian  of  Anglesey  is  very  eimilKr, 
but  in  some  patclips  the  alteralion  bas  proceeded  further.  S«(r 
Bangor,  in  Shropshire,  and  in  Charnwood  Forest,  incipient  mets- 
morpbism  has  also  token  place  in  a  greater  or  less  degree.  All  these 
rocks  may  fitly  be  classed  with  the  "  hypometaniorphic,"  a  lenu 
used  to  espreea  a  partial  change. 

The  Dimetinn  series  of  St.  Dain'da  has  undergone  a  tnnch  greater 
change.  The  prevailing  types  are  qiiarlzite  and  a  rock  like  granite, 
but  of  inetamorphio  origin,  being  in  fact  a  iiielAmorphosed  quartio- 
folspatbio  grit  In  Twt  Hill,  Caemarvoniihire,  and  in  Central 
Anglesey  are  similar  granitoid  bands.  In  the  latter  locality  this 
rock  passes  down  into  schistose  and  gneissic  strata  (Fig.  1).  Ths 
alteration  in  tiese  schists  is  complete.  The  rocks  are  thoroughly 
ci-ystatline  and  truly  foliated.  But  comparing  them  with  the  Lauren- 
tian  or  Lewisian  gneiss,  a  clear  difference  is  perceptible.  In  the 
Anglesey  group  there  are  here  and  there  indications  of  the  origiual 
fragmental  structure.  In  the  granitoid  band  are  intercalated  some 
beds  of  feUpathio  breccia,  and  in  the  schists  angular  or  rounded 
grains  of  quartz  may  sometimes  be  detected.  The  crystallization  of 
these  schists  is  also  much  more  minute  than  in  the  Lewisian.  Tlia 
metamorphism  of  the  latter  is  intense,  no  trace  of  fragmental  origin 
being  perceptible,  while  the  constituent  minerals  occtir  in  distinct 
and  frequently  in  large  oryBtals.  The  Pebidian,  the  Dimetiau  (to 
which  Uie  Anglesey  gneissio  series  probably  belongs),  and  the 
Lewisian  thus  present  three  degrees  of  metamorphism,  the  partial, 
the  moderately  complete,  and  the  intense.  Correeponding  with 
these  degrees,  it  is  to  be  observed  that  the  Pebidian  is  certainly 
newer  than  the  Dimetian,  and  the  DimeUan  ia  probably  newer  than 
the  Lewisian. 

Between  the  Pebidian  and  Dimetian,  Dr.  Hioks  has  intercalated 
a  now  group,  the  Arvonisn,  which  he  considers  to  present  an  in- 
cipient gneissio  structure,  and  to  be  intermediate  in  degree  of  altera- 
tioa  between  the  oldest  and  yonngest  series.  Should  these  views  be 
established,  the  hypothesis  suggested  in  this  section  woold  receive 
additional  oonfirmation. 

In  investigating  the  degree  of  alteration,  it  is  important  to  bear  in 
mind  the  influence  of  aeleelive  metamorphitm.  The  foroee  which 
alter  rooks  may  select  one  bed,  and  convert  it  into  a  schist,  while 
strata  below  are  comparatively  unaltered.  A  rock  which  is  mainly 
composed  of  qnartz  can  undergo  little  change,  because  qaartz  is  a 
simple  mineral  which  cannot  be  decomposed  by  any  of  the  chemical 
processes  which  are  at  work  in  the  earth's  crust.  A  quartzose  sand* 
stone  is  metamorphosed  into  quartzite,  which  differs  chiefly  in 
induration  and  texture.  But  a  felspathic  sbale  may  be  changed  into 
something  widely  different.  By  the  separation  of  a  part  of  the 
silica,  the  felspar  may  be  converted  into  mica,  and  the  mica  and 
silica  (quartz)  together  would  form  mica-sobist.  If  a  portion  of  the 
felspar  remained  undecomposed,  the  quariz,  felapsr,  and  mica  would 
constitute  a  gneiss  or  granitoid  rock.  Selective  metamorphism  may 
therefore  complicate  our  researches  by  changing  parta  of  a  yoonger 
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group  into  the  likeness  of  an  older  deposit.  As  previously  urged, 
we  must  compare  formations,  not  piecemeal,  but  as  a  whole. 

It  is  scarcely  necessary  to  utter  a  caution  against  confounding 
regional  with  contact  metamorphism.  The  change  produced  by  an 
intrusive  mass  of  granite  or  greenstone  rapidly  dies  out  as  we  recede 
from  the  point  of  contact,  and  is  readily  distinguished  in  the  field 
from  the  metamorphism  which  uniformly  affects  large  rock-groups. 
Contact  alteration  may  be  found  in  any  formation  into  which  igneous 
rocks  have  been  intruded,  and  it  therefore  affords  us  no  aid  in 
Archaean  work.  There  would  also  appear  to  be  no  d  priori  reason 
why  regional  metamorphism  should  not  also  occur  in  rocks  of  any 
age,  and  in  the  above  remarks  it  is  only  contended  that  there  are 
some  grounds  for  constructing  an  empirical  rule,  applicable  only,  so 
far  as  present  observations  go,  to  a  certain  area.  When  the  nature  and 
causes  of  metamorphism  are  more  thoroughly  understood,  it  may  be 
possible  to  reach  a  general  principle. 

Dr.  Sterry  Hunt,  of  Montreal,  has  very  ingeniously  attempted,  in 
his  "  Chemical  and  Geological  Essays,"  to  prove  that  the  Archaean 
rocks  of  North  America  display  a  progressive  chemical  and  mineral 
change  from  the  oldest  to  the  youngest ;  so  that  the  minerals  of  a 
group,  like  fossils  in  newer  deposits,  are  indices  of  its  geological 
age.  The  writer  does  not  here  express  an  opinion  upon  this  hypo- 
thesis, as  it  is  his  design  to  confine  himself  to  reasonings  based  upon 
facts  of  which  he  has  had  personal  cognizance. 

In  correlating  Archaean  groups,  it  is  important  to  ascertain  the 
origin  of  the  deposits.  In  the  Pebidian  at  St.  Davids  there  is 
abundant  evidence  of  contemporaneous  vulcanism ;  indeed,  the  series 
is  mainly  built  up  of  volcanic  ashes  and  breccias.  The  same  origin 
is  attributed  to  the  Bangor  group,  to  the  younger  of  the  two 
Anglesey  series,  to  the  newer  of  the  two  Archaean  groups  at  Malvern 
and  in  Shropshire,  and  to  the  Charnwood  Forest  rocks.  We  must 
not,  of  course,  press  this  argument  too  far,  but  it  adds  strong  con- 
firmation to  other  proofs.  It  is  much  weaker  in  the  last  case  than 
in  the  others,  because  by  superposition  the  Charnwood  series  can 
only  be  proved  to  be  pre-Carboniferous.  In  all  the  examples,  the 
Arvonian  of  Dr.  Hicks  introduces  complexity.  It  is  of  volcanic 
origin,  at  least  in  great  part ;  but  it  is  not  yet  certain  to  what 
horizon  it  is  to  be  referred — to  the  Dimetian,  to  the  Pebidian,  or  to 
a  period  between  the  two.  It  is  also  doubtful  if  all  the  rock-groups 
which  have  been  called  Arvonian  are  of  the  same  age.  So  far,  at 
least,  as  Anglesey  is  concerned,  the  Arvonian  has  no  independent 
existence,  but  is  simply  a  band  in  the  gneissic  series.  In  this  area, 
the  (supposed)  Dimetian  also  displays  the  characters  of  a  volcanic 
rock,  where  the  alteration  has  not  gone  far  enough  to  obliterate  the 
original  structure ;  but  this  need  not  prove  a  practical  difficulty,  as 
the  more  intense  metamorphism  of  this  group  as  a  whole  will  readily 
distinguish  it  from  the  Pebidian. 

The  microscope  is  a  most  valuable  auxiliary  in  Archaean  geology. 
It  cannot  supersede  field-work,  but  it  gives  precision  to  the  deter- 
minations of  the  pocket-lens,  and  it  sometimes  ascertains  structure 
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which  would  otherwise  remain  uncertain.  The  oft-repcRted  objec- 
tion fhiit  "  we  oannot  study  mouutiius  in  the  microscope  "  is  met  bj 
the  practical  refutation  that  we  have  found  out  bj  its  aid  thwKs 
which  the  hammer,  the  lens,  And  the  Bcid-botI.Ee  had  nut  dis- 
covered. The  enforcement  of  this  point  belongs,  howeTei',  to 
the  profewed  niicrolitho legist. 

The  glrike  of  a  eeries  hns  frequently  been  used  as  an  aid  in  oormU- 
tiou.  It  was  long  eiuce  pointed  out  by  Murcbison  tliat  the  Lewisiui 
of  Scotland  has  a  general  strike  to  the  north-west,  while  the  newer 
gneiss  series  strikes  to  the  north-east.  It  was  rightly  argued  that 
such  a  divergence  of  strike  indioatad  a  great  difference  in  age.  The 
gneiasic  rocks  of  Shropshire  and  the  Walveni  Hills,  resembling  the 
Lewisian  as  they  do  in  their  lithological  structure,  posseae  tlie  same 
strike,  and  the  fact  is  held  to  ooufirm  the  oorrelation  of  the  English 
groups  with  tlie  nortliem  type.  The  Pehidians  of  St.  Davids  strike 
about  east  and  west,  and  this  is  the  prevailing  lie  of  the  ooiitem' 
poraneous  series  in  Anglesey.  The  volcanic  rocks  of  Shropshire  ] 
also  strike  in  the  same  direction.  On  the  other  hand,  the  volcanic 
Beries  of  Charnwood  Forest,  presumed  to  be  of  the  same  age.  lias  the  | 
strike  of  the  Lewisian.  Other  facts  also  tend  to  show  that  this  ImE 
is  of  nuc(;rtaio  value.  The  utmost  we  can  safely  assert  is  that  if 
tbere  are  other  goo«I  reasons  for  believing  two  groapa  to  be  oontem- 
poraneouB,  a  coincidence  of  strike  will,  within  certain  limits,  add  to 
the  weight  of  evidenue.  Strikes  are  not  so  uniform  as  has  aomedmM 
been  represented.  Over  large  portions  of  the  Northeni  Highlands 
the  strike  of  the  Lewiwan  is  not  to  the  north-west,  and  that  of  tlw 
newer  gneiss  series  is  not  north-east.  Also  in  Anglesey  and  ^n>p- 
shire  the  volcanic  series  frequently  deviates  widely  from  the  nonnsl 
strike.  These  frequent  divergences  are  probably  due  to  faulting 
and  to  the  influence  of  intrusive  masses.  In  laige  areas,  in  which 
the  original  axes  of  upheaval  have  not  been  so  broken  and  distorted 
as  to  confuse  their  prevalent  direction,  the  strike  test  will  be  of  much 
greater  service  than  in  a  small  isolated  district,  in  which  there  it 
not  room  for  the  principal  lines  of  movement  to  assert  their  supremacy 
over  subsequent  disturbances. 

In  Arcbnan  work  the  evidence  is  generally  onmalative.  Any  one 
test  taken  alone  may  not  produce  conviction.  Mineral  characters, 
included  fragments,  strike,  origin  of  deposits,  state  of  alteration, 
even  similarity  of  sucoession,  may  not  tJways  remove  a  snspidoii 
that  the  resemblance  is  due  to  ooincidenoe,  or  to  a  general  cause 
which  may  occur  in  more  than  one  group.  But  we  are  rarely  leR 
to  one  line  of  proof,  and  every  additional  test  strengthens  the 
evidence  in  an  increasing  ratio.  Only  field-work  can  snpply  the 
full  testimony.  Each  tap  of  the  hammer  may  help  to  build  np  ths 
conclusion.  The  results  grow  as  section  after  section  is  observed, 
and  hundreds  of  minute  facts,  wfaieh  cannot  be  published,  or  even 
recorded  without  incaloulable  labour,  gradually  bring  home  oon- 
violion  to  the  mind. 

In  concluding  these  observations,  the  writer  would  strongly  insist 
upon   the  necessity  of  thorough  and  detailed  work,     ^here  the 
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d  is  so  broken  and  contorted,  almost  every  rood,  in  critical 
08  and  areas,  must  be  hammered  over.  Grave  error  may  lurk 
jT  overlooked  fault  or  reversaL  It  sometimes  takes  weeks  of 
toil  to  arrive  at  a  result  which  may  be  expressed  in  a  line. 
,  seemingly  conflicting,  keep  the  mind  in  discouraging  per- 
y,  till  one  more  blow  of  the  hammer  strikes  out  a  spark  which 
inates  the  seeming  chaos,  and  reveals  the  harmony  of  the 
I.  Patient  work  will  hardly  fail  to  unearth  new  truths  even 
>  most  battered  and  metamorphosed  patches  of  the  crust  The 
B  to  be  obtained  are  surely  neither  uninteresting  nor  unimpor- 
As  the  astronomer,  by  inventing  new  instruments,  penetrates 
deeply  into  the  remote  abysses  of  stellar  space,  and  resolves 
ebulsd  into  groups  of  suns ;  so  the  Archasan  geologist  strives 
ich  further  and  further  back  towards  the  beginnings  of  the 
and  refuses  to  accept  a  barrier  to  his  further  investigations. 


Vil. — PossiBLv  Laurentian  Rooks  in  Ireland. 
By  G.  H.  EixAHAN,  M.R.I. A.,  etc. 

the  Archsean  geologists  have  turned  their  attention  to  the  Old 

Irish  rocks,  perhaps  it  may  be  allowable  to  give  a  short 
ption  of  them. 
8  school  of  geologists  from  their  published  papers  would  seem 

great  stress  on  lithological  characters  ;  while  to  me  it  would 
r  that  Petrology,  or  the  stratigraphical  position  of  rocks  or 
masses,  was  more  important.     Some  of  the  changes  found  in 

that  geologists  suppose  to  be  petrologically  the  same,  they 
ire  quite  impossible  by  chemical  laws  ;  but  as  such  changes  are 
(>alpable  to  field  geologists,  I  would  suggest  that  possibly  the 
ist  is  acquainted  with  some  laws  to  them  unknown. 
)  Irish  rocks  that  have  been  suggested  to  be  of  Pre-Cambrian 
re  metamorphic  and  granitic  rocks  in  the  Carnsore   district, 

Wexford;  metamorphic  and  granitic  rocks  in  West  Galway 
.  W.  Mayo ;  gneissose  rocks  in  Erris,  N.  W.  Mayo ;  metamor- 
uid  granitic  rooks  in  Donegal  and  parts  of  Derry  and  Tyrone ; 

rocks  that  will  possibly  be  so  classed  are  metamorphic  rocks 
E.  Antrim  near  Ballycastle. 

)  rocks  of  the  Carnsore  or  S.E.  Wexford  district  I  have  very 
Uy  worked  out,  and  to  me  it  appears  that  northward  and 
rard  they  gradually  merge  into  unmetamorpliic  rocks  ;   and 

latter  are  found  Oldhamia,  a  Cambrian  fossil. 
)  West  Galway  and  S.W.  Mayo  rocks  have  also  been  carefully 
A  out.  In  them  there  are  two  zones  of  horn  hlen die  and 
enic  rocks ;  lithologically  very  similar,  if  not  identical,  with 
aurentians  of  America  and  Scotland  ;  but  at  the  same  time 
ps  more   like  the   Huronian  rooks  ;   especially  those  of  the 

zone,  as   Logan's  description  of  the  Huronian  rocks  would 

the  latter.  The  rocks  of  the  upper  zone  lie  above  others  that 
n  fossils  which  have  been  pronounced  by  Harkness,  Baily,  and 
authorities  to  be  of  Llandeilo  types.     In  portions  of  the  area 
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tlio  uewer  rocks  are  more  metamorphosed  tban  the  older,  and  to  n» 
it  would  appear  that  it  is  the  newer  rocks  that  are  now  suggesteS 
to  be  Pre-Caiubrian,  The  older  rocks  iu  previous  publications  I 
have  suggested  to  be  Upper  CnmbriauB  (Arenig  rucks).  The  lock* 
supposed  to  Ire  Upper  Cuinbri»n8  seem  to  extend  north-east  acnm 
Sligo,  into  Leitriiu,  near  Manor  Hamilton  ;  possibly  they  also  occW 
betwBen  Charlealown  ami  Ballashaderreen  in  N.E,  Mayo.  The  lallei 
BBiall  exposure  was  considered  liy  Gri£BtIi  and  Jtikes  to  be  of  old 
rocks,  although  now  they  have  been  joined  on  to  the  associated  i 
fuBsiliferous  SiluHuns  (Lower  Old  Red  Sandstone).  Such  a  clotsiS- 
cation,  however,  must  be  petrologically  incorrect ;  as  these  older 
rocks  were  upturned,  contorted,  and  considerably  motamorjihosed 
and  denuded,  prior  to  the  Silurians  being  deposited  on  them.  Thia 
is  proved  by  the  younger  rocks  being  made  up  of  tbe  detritus  of 
the  older  ones.  These  metamorphic  rocks,  as  I  have  pointed  out  in 
a  paper  published  by  the  Royal  Irish  Academy,  although  lithe- 
li^cally  very  similar  to  the  lower  zoiie  (Arenig  rocks)  of  West 
Qalway,  are  also  like  those  of  the  upper  zone,  and  possibly  may  be 
of  the  latter  age  (Llandeilo). 

The  gneissose  rocks  of  Erria,  X.W.  Mayo,  are  a  remarkable  groop, 
Orifiith  and  the  different  other  early  geologists  pointed  ont  that  they 
seemed  to  be  much  older  than  the  associated  metaroorphic  rucks. 
Microscopically  they  aeeoi  to  be  identical  witb  the  rocks  of  Caruaore, 
and  for  this  and  other  reasons,  mentioned  in  a  paper  read  befun) 
the  Koyal  Geological  Society  of  Ireland,  1  suggested  that  they  were  of 
Cambrian  age.  Ail  that  can  be  positively  asserted  about  them  is, 
they  are  older  than  the  associated  metnmorj>hio  rocks.  But  what 
is  the  age  of  the  latter  ?  They  are  said  to  be  of  Cambro- Silurian  ago ; 
yet  in  composition,  aspect,  etc.,  they  are  very  similar  to  the  rocks 
south  of  Louiebiirgh,  in  tbe  same  county,  that  have  been  proved  by 
Symes  to  beSilnriaos.  Their  position  only,  therefore,  does  not  prove 
them  to  be  older  than  Canibro-Silurian. 

In  Donegal  and  the  adjoining  parts  of  Derry  and  Tyrone  there  is 
a  large  tract  which  was  formerly  supposed  to  be  oocupied  solely  by 
metamorphio  and  graaitio  rooks.  But  of  late  years  Dr.  King,  o( 
Galw&y,  has  discovered  in  Eilmaghrenan  impressions  that  eeem  to 
be  of  ibssils  of  Cambro -Silarian  age  ;  this  however  is  not  as  yet 
positively  proved,  as  some  authorities  deny  that  they  are  fossils, 
lo  the  S.E.  of  this  area  (Co.  Tyrone),  as  I  have  proved  in  ft 
paper  published  by  the  Royal  Irish  Academy,  there  are  very  old 
rocks  to  the  north  of  Pomeroy,  while  to  tbe  N.W.  there  are  also 
very  old  rocks,  which  years  ago  were  suggested  by  Jukea  to  be 
of  Laurentian  age,  on  account  of  their  likeness  to  the  Scotch 
Laurentians.  Now,  however,  if  King  is  correct,  it  is  possible  they 
may  be  only  Cambrians,  overlaid  by  Cambro- Silurian ;  the  latter 
in  part  highly  metamorphic,  as  is  the  case  elsewhere. 

It  must,  however,  be  allowed  that  nowhere  in  Ireland  are  then 
rocks  lithologically  similar  to  those  of  Donegal ;  the  nearest  ap- 
proach to  them  being  some  of  the  metamorphio  rooks  of  N.W. 
Galway;    but  the    latter    stratigraphicaUy   are    Cambro-Silnriaiu 
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(L.  Landeilo).  Lithologically  they  are  quite  distinct  from  the  type 
Bpecimena  in  the  different  oolleotions  of  the  American  and  Scotch 
llanrentians ;  while  many  if  not  all  of  them  will  be  found  in  the 
oolleotions  of  the  type  specimens  of  the  Horonian  rocks.  It  is  there- 
fore evident  it  is  not  by  lithological  character  that  the  a^  of  the 
older  rooks  of  Donegal  can  be  determined,  but  by  careful  field  work 
and  examination  of  all  the  rocks  between  them  and  the  fossiliferous 
Cambro-Silurian  near  Pomeroy  in  Tyrone;  or,  if  King  is  correct, 
of  those  between  them  and  his  fossiliferous  rocks  in  Eilmaghrenan. 
Bat  this  work  must  be  more  careful  than  that  near  Pomeroy,  where 
the  fossiliferous  Cambro-Silurian  rocks  are  classified  with  those  on 
which  they  are  deposited,  although  the  latter  were  highly  metamor- 
phosed, nptumedy  contorted,  faulted  and  denuded  prior  to  the  age 
of  the  yonnger. 

Nothing  as  yet  has  been  said  by  the  Archeean  geologists  as  to  the 
age  of  the  older  rocks  near  Ballycastle,  Go.  Antrim.  As  however 
they  appear  to  be  of  the  same  age  as  those  in  the  hills  northward  of 
Pomeroy,  Co.  Tyrone,  one  age  will  have  to  be  given  to  both ;  it  is 
therefore  necessary  to  mention  them  in  a  paper  on  this  subject. 


I^  E  "V  I  E  ^W  S. 


I , — QfOLOOIB   DE  LA   BeLOIQUB.       By  MiOHBL  MoUBLON,  D.Sc,  CtC 

2  vols.,  pp  317  and  392,  2  Plates  and  55  Woodcuts.     (Brussels 
Paris,  and  Berlin,  1880,  1881.) 

DR.  MOURLON  is  well  known  as  one  of  the  most  zealous 
among  the  younger  geologists  of  the  Continent  Since  1870 
he  has  published  numerous  papers,  many  of  which — those  on  the 
Devonian  Rocks  of  Belgium,  for  instance — are  of  a  high  order  of 
excellence.  He  has  been  for  some  time  actively  employed  on  the 
Geological  Survey  of  Belgium,  and  the  task  of  editing  Andre 
Dumont's  manuscript  notes— of  which  three  large  volumes  have 
already  been  issued  — has  been  entrusted  to  him  by  his  Govern- 
ment. Dr.  Mourlon  moreover  occupies  the  post  of  Curator  in  the 
Natural  History  Museum  at  Brussels,  and  in  the  work  under  notice 
we  have  further  evidence  of  unremitting  labour  added  to  much 
acnmen  and  research. 

It  is  impossible  to  avoid  comparing  this  new  "Geology  of  Belgium  " 
with  its  able  fore-runner,  the  Prodrome  d'une  description  giologiqne 
de  la  Bdgiqne,  by  Prof.  G.  Dewalque.  The  latter  was  published  in 
1868,  and  at  that  date  was  thoroughly  satisfactory.  But  the  progress 
of  Geology  during  the  last  twelve  years  has  been  great — in  Belgium 
as  elsewhere — and  a  second  edition  of  the  Prodrome  had  become  a 
necessity.  Last  year  (1880)  Prof.  Dewalque  surprised  and  disap- 
pointed the  scientific  world  by  publishing,  not  a  new  and  improved 
edition  of  his  valuable  work,  but  a  mere  reprint  of  it,  without 
addition,  omission,  or  change  of  any  kind.  Under  these  circum- 
stances we  are  bound  to  welcome  Dr.  Mourlon's  book  as  supplyinor 
a  greatly  felt  want,  and  we  do  so  all  the  more  readily  that  it  is  laid 
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ilown  to  a  great  extent  an  the  sanie  lines  as  Dewalqiie'a  Prmlrsun 
wliicli  is  another  way  of  saying  that  it  ia  admirably  planned. 

The  first  volume  is  strutigrapbical,  and  oonaists  of  oleai  ud 
well-proportioned  descriptioni  of  all  the  rocks  of  the  countrj,  ta 
ascending  order.  In  most  cases  the  views  of  other  authors  are  vmj 
fairly  slated  and  discussed,  whether  they  tie  or  not  those  held  b; 
Dr.  Mourlon  himself,  and  justice  is  done  to  even  the  very  latert 
diBooveries.  We  sliall  endeavour  to  point  out  the  ohief  sabjeoU 
referred  to  which  are  the  outcome  of  work  published  siuoe  1868,  and 
which,  therefore,  may  be  looked  upon  as  the  jastification  of  tlia 
■book. 

In  the  first  place  we  find  the  important  researches  of  Messn. 
Kenurd  and  do  la  Valloe  Pouasin  on  the  mioro-petrography  of  the 
Ardenues  igneous  and  inetamorphic  rocks  duly  recorded  and 
illustrated  by  two  capital  tinted  plates  of  microscopic  sections,  some 
of  which  are  given  here  for  the  first  time.  The  divisions  of  the 
Cambrian  (iSitlmian,  Revinion,  and  Devillian)  are  next  considered,  and 
the  modern  views  of  Dewalqae,  Gosaelet,  and  Malaiae  compared  with 
those  of  Dumonl — nor  is  the  con-elation  of  these  rooVs  with  tba 
Tremndoo  Slates,  Lingiila  Flags,  Llanberis  tjlates,  and  Hsrleoh  Griti 
of  Wales  determined  by  the  first-named  writer  overlooked.  Among 
the  Silurian  rocks  new  matter  of  importance  is  included  which  ii 
principally  due  to  M.  Gosselet  and  to  the  author  himself.  It  is, 
however,  in  the  account  of  the  Devonian  deposits  that  the  value  of 
the  work  done  by  both  these  geologists  becomes  most  apparent, 
indeed  the  former  may  be  said  to  have  tliorongiily  mastered  the 
many  difficulties  which  boNot  the  study  of  (he  Lowor  and  MlUh 
divisions  {Gedinnian,  Colhntziaii.  Ahrimi.  ElMlai,),  whil^st  the  iipjier- 
uost  Devonian  (the  Ptammitu  de  Condrox),  which  many  in  Britain 
wonid  prefer  to  regard  as  Lowest  Carboniferous,  has  been  equally 
completely  dealt  with  by  M.  Monrlon. 

On  reaching  the  Carboniferous  Rocks  proper,  jnstioe  ia  done  to  the 
recent  investigations  of  Hull  and  Hardman,  and  Benard  as  to  the 
origin  of  the  chert  so  common  in  the  Limestone  Series,  and  to  those 
of  Dupont  as  to  the  division  of  that  series,  as  developed  in  Belginm, 
into  BiK  members,  each  clearly  defined  paleeontologically  and,  it 
would  seem,  also  stratigraphiodly.  Some  of  these  members  of  the 
series  appear  to  be  often  wanting,  and  it  must  be  oonfeased  that  to 
any  one  accustomed  to  the  Lower  Carboniferous  rooks  of  Britain,  IL 
Dupont's  maps  of  the  Dinant  diatriot,  in  which  these  beds  are  shown 
as  in  a  very  network  of  faults,  none  of  which  is  marked  m  doubtful, 
are  apt  to  look  as  if  they  had  been  drawn  up  on  somewhat  too 
theoretical  grounds.  We  cannot  help  thinking  that  Prof  ds 
Koninck's  old  division  into  three  may  still  be  the  more  usefiil 
I'he  Coal- measures,  considering  tfaeir  commercial  importance,  and 
the  great  interest  attaching  to  the  peculiarities  of  their  lie  in 
Belgium,  are  somewhat  cursorily  dismissed.  Nevertheless  their 
chief  features  are  described,  the  fiora  discussed  with  reference  to 
the  work  of  Coemans  and  Crepin,  and  the  faults,  natural  pita,  eto>, 
with  reference  to  that  of  Comet  and  Briart,  and  others. 
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(sio  beds  of  Luxemburg  do  not  appear  to  have  been  tbe 
.ny  striking  observations  sinoe  1866,  but  the  Cretaceous 
yielded  numerous  results  of  importance.  Thus  in  the 
achenian)  of  the  Bernissart  Colliery  we  have  the  recent 
*  several  entire  skeletons  of  Iguanodons  of  from  nine  to 
in  length,  together  with  numerous  remains  of  land  and 
iians.  Here  also  are  many  freshwater  fishes,  the  specific 
m  of  which  is  not  yet  completed,  as  well  as  a  Wealden 
sting  chiefly,  according  to  Count  de  Saporta,  of  marsh 

contrasting  with  those  of  the  same  age  found  at  La 
hich,  as  the  late  Abbe  Coemans  pointed  out,  are  more  or 
in  character.  All  these  fossils  occur  in  clay  filling  up  a 
3  Coal-measures.  In  the  Meiile  de  Bracquegnie^  a  forma- 
lly poor  in  fossils,  Messrs.  Cornet  and  Briart  have 
Q  collecting  some  120  specimens  of  Gasteropods  and 
chs,  Cephalopods  and  Brachiopods  being  remarkable 
bsence.      To   the   same    associated   geologists,   and    to 

much  of  our  improved  knowledge  of  the  subdivisions 
m  Chalk  is  also  due.  As  to  the  Tertiary  rocks  which 
ch  ground  in  Belgium,  the  mass  of  detailed  observations 
Site  which  Dr.  Mourlon  has  had  to  incorporate  is  per- 
Qous.  This  was  to  be  expected  in  the  classical  birth- 
nary  Geology,  and  it  is  natural  that  the  author  should  have 
ity  to  devote  what,  to  non-Belgian  readers,  might  appear 
luch  space  to  these  beds.  Among  the  novelties  in  this 
must  be  reckoned  the  application  of  Vanden  Broeck's 
9  alteration  of  portions  of  deposits  by  the  percolation  of 

0  the  clearing  up  of  many  interesting  points  in  the  history 
y  subdivisions  recognized  in  these  deppsits.      In  con- 

1  this  subject,  as  in  many  other  cases,  the  author  has 

0  much  unpublished  material  placed  at  his  disposal  by 
jators  themselves,  thus  adding  greatly  to  the  value  of 

1  an  original  work. 

240  pages  of  vol.  ii.  consist  of  full  lists  of  fossils  from 
ion,  the  rest  being  a  complete  bibliographical  list  of 
ks  and  maps  relating  to  Belgian  Geology.  For  the 
'  the  palaeontologist  and  the  foreign  "researcher"  the 
f  this  part  of  the  work  cannot  be  overestimated, 
[id  edition  is  sure  to  be  called  for,  it  may  not  be  amiss  to 
lourlon's  attention  to  some  omissions  which  a  hasty 
le  "  Bibliography  "  has  revealed.  English  authors  have 
jt,  and  we  look  in  vain  for  the  names  of  Dawkins,  J. 
kins,  Lebour,  Simpson,  and  several  others,  some  of 
ngs  bear  on  the  geology  of  Belgium.  The  author  has 
Dt  searched  through  the  publications  either  of  the 
iphical  Society  of  England  or  of  the  North  of  England 
Mining  Engineers.  Even  the  Geological  Magazine 
OLooisT  are  all  but  ignored,  and  the  Royal  Society's 
)f    Scieutific    Papers   has   not   been   put  under  contii- 
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wliat  wft  buffi 
I  the  irtcke  at 

foesilB  of  tbe  neiglibouring  oontinental  slioroa  that  Dr.  Moarloa  hu 
produced  a  work  of  sterling  value,  and  one  wliicb,  in  the  absence 
of  Prof,  Dewalqiie's  long-expected  second  edition  of  his  Prodotne, 
must  lieoome  tbe  vade-mncum  to  all  ecientifio  travollers  ia  Belgiiini. 

G.A.L. 

Jl. — Text-Book  of  SvsTitsuTic  Minkraloot.     By  Hilary  Bapeb- 
iiAN,  F.G.S.     (London,  Longmans,  Green  and  Co.,  1681.) 

THE  al)ove  work  on  Mineralogy  by  Mr.  Bauemian,  wbicli  ws« 
to  have  formed  only  one  volume  of  the  "Text-BookB  i>( 
RciencG,"  haa  been  divided  into  two  parts,  in  consequence  of  tlie 
syateinatio  portion  forming  the  present  volume  having  been  exteudt^ 
somewhat  laoTU  than  was  originally  intended,  so  that  the  physio- 
graphy or  desoriptive  mineralogy  will  be  issued  aa  a  companion 
volume. 

Tbe  geometrical  properties  and  symmetry  of  crystalline  forms, 
although  treated  in  a  general  and  sometiniea  original  manner,  occupy 
aboTit  one-half  of  tbe  work,  each  of  the  six  Bjstems.  their  corahina- 
tioiis  and  bo.i.ihedral  fonuH  bein;-  fully  described,  tbe  derivaiii-n  of 
the  latter  as  well  as  the  tetartohedral  modifications  are  illustrated  by 
sbaded  figures.  The  notations  of  Miller,  Naumann,  Weiss,  Sobraat 
and  Levy  are  described ;  the  faces  of  the  crystals  are  marked 
acoording  to  Miller,  except  in  the  hexagonal  system,  where  the 
Bravais-Miller  method  is  need,  but  in  the  descriptive  text  the  symbols 
of  Weiss  are  sometimes  noted,  but  those  of  Nanmann  are  moslly 
^ven  throughout. 

Comparative  tables  of  tbe  different  notations  as  well  as  the  names 
proposed  for  tbe  six  systems  by  their  authors  would  have  been 
useful.  The  physical  cbaraoters  of  minerals  are  concisely  ^ven  and 
their  optical  and  thermal  properties  are  described  at  great  length, 
considerable  attention  being  directed  to  the  subject  of  polarisaUtm, 
and  a  table  is  appended  showing  tbe  optical  constants  of  ths 
princijial  transparent  minerals.  The  remaining  portion  of  the  work 
ia  devoted  to  the  chemical  properties  of  minerals,  the  relation  of  form 
to  chemical  composition,  and  the  association  and  distribution  of 
minerals.  The  latter  may  be  usefully  oonenlted  as  bearing  on  this 
interesting  part  of  mineralogioal  science,  as  it  treats  in  &  clear  and 
concise  manner  of  the  origin,  alteration,  pseudomorphism,  and  pata- 
genesis  of  mineral  substances. 

A  few  minor  points  may  require  revision,  but  the  work  will  be 
found  a  useful  guide  to  students  desirous  of  acquiring  a  general 
knowledge  of  the  subject,  aa  well  as  serve  as  an  elementary 
introduction  to  laiger  text-books, — the  main  objects  the  author  had 
in  view  in  preparing  the  present  volume. 
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L — On  the  Discovery  op  Coal-measures  under  New  Red  Sand- 
stone, AND  on  the  so-called  Permian  Hocks  of  St.  Helens, 
Lancashire. 

By  A.  Strahan,  M.A.,  F.G.S. ; 

of  H.M.  Geological  Survey. 

DURING  the  last  few  years  the  Coal- measures  have  been  reached 
through  the  overlying  New  Red  Sandstone  in  three  collieries, 
and  in  three  bore-holes,  in  that  part  of  South  Lancashire  which  lies 
between  the  St.  Helens  and  Wigan  Coal-fields  and  the  River  Mersey. 
The  results  were  in  some  degree  unforeseen,  as  the  Trias  was  thinner 
than  might  have  been  expected,  while  it  seems  likely  that  the 
Permian  formation  is  altogether  absent. 

In  the  eastern  part  of  this  district,  the  Permian  rocks,  proved  in 
the  shaft  at  Edge  Green,  and  identified  by  Mr.  Binney,^  overlie  the 
Coal-measures,  and,  the  Lower  Mottled  Sandstone  being  absent, 
are  succeeded  by  the  Pebble  Beds  of  the  Bunter.  To  the  westward 
they  are  overlapped  by  the  Pebble  Beds,  which  then  rest  on  the  Coal- 
measures  ;  but  proceeding  in  the  same  direction,  the  Lower  Mottled 
Sandstone  comes  in,  appearing  first  at  Ashton.  and  extending  thence 
all  along  the  southern  boundary  of  the  Coal-field.  The  Permian 
rocks,  after  having  been  overlapped  for  a  distance  of  about  five  miles, 
were  believed  to  reappear  from  beneath  the  Trias  at  St^  Helens 
Junction,  the  evidence  of  this  consisting  in  the  identification  by  Mr. 
Binney  of  a  bed  of  shale,  30  feet  thick,  and  an  underlying  soft  sand- 
stone about  90  feet  thick,  as  Permian  Marl  and  Lower  Permian 
Sandstone  respectively.  The  marl  was  met  with  in  a  well,  but  the 
sandstone  is  exposed  in  a  quarry.  It  is  ''  altogether  undistinguish- 
able  "  from  the  Lower  Mottled  Sandstone,  as  stated  by  Prof.  Hull. 

On  the  strength  of  this  appearance  of  supposed  Permian  rocks 
from  under  the  Trias,  it  was  believed  that  this  formation  was  pre- 
sent under  a  large  part  of  the  Triassic  area,  and  with  a  boundary 
approximately  coinciding  with  that  of  the  Trias,  but  that,  owing  to 
the  unconformity  of  the  two  formations,  the  Permian  was  over- 
lapped at  intervals,  so  as  not  to  appear  at  the  surface  at  all. 

From  this  interpretation  of  the  country,  it  would  have  been 
expected  that  on  sinking  through  the  Trias  towards  the  south,  a 
more  perfect  development  of  the  Permian  would  be  found   than 

^  Mem.  Lit.  and  Phil.  Soc.  Trans,  of  Manchester,  yoI.  lii. 
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exists  at  tlie  outcrop  towards  tlie  north,  where  the  overlnp  is  nesrlj 
coniplele,  owing  to  the  supposed  partial  or  entire  reiunvHl  of  the 
Ferniiiin  etrata  by  denudation  before  tlie  Trias  was  deposited.  Thnt 
theee  expectations  would  not  have  been  fulfilled  is  shown  by  tbs 
result  of  the  ainkiags  ahout  to  be  descrihed.  It  may  be  added  that 
any  complete  examination  of  the  rooka  at  the  surface  is  prevented 
by  the  prevalence  of  drift. 

In  tlie  years  1875-1878  two  shafts  were  sunk  by  tbe  Bold  Hall 
Colliery  Company  on  the  southern  margin  of  tlie  Bold  Peat  Moiss, 
about  one  mile  from  the  outcrop  of  the  supposed  Permian  Stocks  at 
St.  Helens  Junction. 

The  following  is  an  abstract  of  a  section  of  tbe  strata  supplied  to 
my  colleague,  Mr.  C.  E.  De  Ranee,  F.G.S.,  hy  Mr.  Harbollle,  mid 
published  in  full  in  the  Geological  Survey  Memoir  on  the  \eigh> 
bourhood  of  Prescot  (3rd  edition)  : — 

tBOtr         lO". 

Post-GWUl  and  Qiacml 07    H 

i_      u  .>i.,i  a J  J 1  Ked  marl  ami  sandy  marl     9      0 

lo».rM.ltl«l  SmiUt™.  I  „„,„,„  ^^j,^,      3,      , 

c       II  1  n .-  -  I  Red  and  white  metal  [>hii]i)}     30      4 

So-collrf  Penman |  r^  ^d.ton8    1.... fil      S 

Coal-mensurBa      [  Cunl-meaBurea    l^li)       B 

(  FloricLi  Miuu 

It  will  be  noticed  that  the  shale,  which  was  supposed  to  be  of 
Permian  age,  ia  about  the  same  thickness  here  as  at  the  outcrop,  bat 
the  underlying  sandstone  ia  32  feet  3  inches  thinner. 

At  Collins  Green  about  three-quarters  of  a  mile  to  the  north-east 
of  this  colliery,  but  about  the  same  distance  from  the  boundary  of 
the  Trias,  two  shafts  have  been  sunk  by  the  Collins  Green  CoUiery 
Company.  The  following  is  an  abstract  of  a  section,  for  which  I 
am  indebted  to  the  kindness  of  Mr.  John  Mercer,  and  which  ia 
given  in  full  in  the  memoir  mentioned  above : — 

Glacial  DeDodta 63  7 

Pebble  Beds  and  Lower  Mottled  Saodatone;  red  and  tcUow  aandMone  ISl  0 

( Red  shale    22  \ 

Bo-called  Fermian  {  Hard  don  sandstone      3  3 

(  Loose  brown  laiHistone  with  "  giilphar-bails "      ..  40  6 

I  Red  Coal-meamirM    161  II 

Coal-iceiisDrea     . .  J  Cool-meesara   1204  10 

(  Florida  Mine 

The  supposed  Lower  Permian  Sandstone  shows  here  a  further 
diminution  in  thickness  of  13  feet  10  inches,  and  the  red  shale  ia 
8  feet  2  inches  thinner  than  at  the  outcrop.  The  "Sulphur-balls" 
referred  to  in  the  section  are  spherical  or  slightly  flattened  concre- 
tions of  iron  pyrites.  They  were  found  in  great  abundance  in  a 
loose  brown  sand,  composed  of  small  perfectly  rounded  grains  of 
quartz.  On  breaking  open  a  concretion,  these  grains  of  sand  are 
seen  to  make  up  the  greater  portion  of  the  material.     They  are 
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arranged  in  their  original  bedding  planes,  and  held  by  a  cement  of 
iron  pyrites.  I  was  informed  that  the  unconformity  betweea  this 
bed  and  the  underlying  Coal-measures  was  clearly  visible  in  the 
shafts ;  the  dip  of  the  former  was  at  6°  to  the  south-east,  that  of  the 
Goal -measures  at  10°  in  the  same  direction. 

At  a  distance  of  1  mile  to  the  north-east,  and  still  about  the  same 
distance  from  the  boundary  of  the  Trias,  three  shafts  are  being  sunk 
by  the  Haydock  Colliery  Company,  giving  the  following  section  : — 

feet.     ins. 

Glacial  Deposits    40      0 

Pebble  Beds.  Red  sandstone    259      0 

So-called  Permian  fS^''^*^®**'^"Tr^''®" 2      2 

\  Hard  brown  sandutone 7      6 

Coal-measures.  Bed  Coal-measures   97      9 

413      3 

By  the  kindness  of  Mr.  Glover,  the  manager  of  the  Haydock 
Collieries,  and  of  Mr.  Burns,  who  was  in  charge  of  these  sinkings, 
I  was  able  to  examine  the  lower  beds  of  the  Red  Sandstone  and 
their  junction  with  the  Coal-measures.  The  Pebble  Beds  in  which 
the  sinking  commenced,  and  which  are  exposed  on  the  surface  close 
by,  seemed  to  extend  to  a  depth  of  299  feet  from  surface.  Though 
pebbles  were  scarce,  the  stone  contained  rolled  lumps  of  clay,  and 
resembled  this  subdivision  in  its  hardness  and  general  appearance. 
The  "  soapstone  "  is  a  bed  of  red  shale,  of  an  ordinary  Triassic  type, 
such  as  is  met  with  in  the  Pebble  Beds  or  in  the  Lower  Mottled 
Sandstone.  The  hard  brown  sandstone  underneath  it  resembles  the 
Pebble  Beds  in  containing  fragments  of  shale  and  small  grit,  but 
also  shows  the  "  millet-seed "  grain,  consisting  of  small  round 
grains  of  quartz,  scattered  through  a  finer  compact  matrix,  which  is 
so  often  seen  in  the  Lower  Mottled  Sandstone. 

The  top  of  the  Coal-measures,  a  bed  of  shale,  showed  signs  of 
having  been  broken  up,  and  redeposited,  for  a  depth  of  about  3  or  4 
feet.  The  dip  of  the  "soapstone"  and  hard  brown  sandstone  is 
towards  the  east  at  7°  or  8°,  that  of  the  Coal-measures  in  the  same 
direction  at  13°  or  14°. 

It  seems  probable  that  the  "  soapstone  "  of  this  Colliery  is  the 
same  bed  of  shale  that  was  met  with  in  the  Bold  Hall  and  Collins 
Green  Collieries,  and  which  crops  out  at  St.  Helens  Junction  under 
the  name  of  Permian  Marl.  A  comparison  of  the  sections  at  thene 
four  localities  shows  that  this  bed  with  the  underlying  sandstone  thin 
out  with  great  regularity  in  proceeding  from  west  to  east.  It  should 
be  noticed  that  the  attenuation  takes  place  in  the  sandstone  as  well 
as  in  the  marl.  If  they  had  been  unconformahly  overlapped  by  the 
Trias,  the  marl  would  have  been  overlapped  first,  the  sandstone 
retaining  its  thickness,  except  in  those  places  where,  by  the  removal 
of  the  marl  in  pre-Triassic  times,  it  had  been  exposed  to  a  similar 
denudation. 

Three  miles  to  the  south  of .  St.  Helens  Junction,  and  rather 
farther  from  the  Triassic  boundary  than  these  collieries,  the  Tnas 
was  penetrated  in  a  bore-hole,  made  in  search  of  water  near  Earn- 
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■worth.      The  flection,  of  wliicb  the  followiog  is  a.a  alistraet.  wu 
supplied  to  ma  by  Mr.  TimminB,  of  Runcorn : — 

.  ..  1^1  J  I  Pine-Brained  tcHw  »nd  white  aandBUine    124     1 

I*w,T  Mottled        \  r.i  httgreen,  ^.  .nd  blue  clsj   3    0 

Coal-meuures.  I'urpli- and  mottled  tnajl,  wi^  bauds  uf  limestone   .,      40    D-f 

!T0    n 

The  suppOKed  Permian  rocks  are  therefore  either  altogether  absent 
here  or  are  represeiited  by  3  feet  of  claj,  and  3  feet  of  sandstone 
only,  and  this  in  a  direction  in  which,  accordiug  ta  the  former  inter- 
prelation  of  the  country,  they  might  have  been  expected  to  be 
present  in  force. 

The  boundaries  of  these  so-called  Peniiian  rooks  have  thus  l>eeu 
tntceii  under  the  Trias  from  their  outcrop  in  every  direction.  They 
rest  unconfonnftbly  on  tbo  Coal-raeBBures,  but  there  is  certainly  no 
unconformity  between  them  and  the  Triss,  the  overlap  being  due  to 
the  natural  thinning  out  of  the  bods,  and  not  to  their  having  sufiere'l 
denudation  before  the  Trias  was  deposited.  Taking  also  into  con- 
siderntion  that  the  eandstone,  as  stated  hy  Prof.  Hull,  is  "altogether 
undislinguishable  "  fi'om  the  Lower  Mottled  Sandstone,  and  that  the 
shale  is  of  a  type  very  commonly  met  with  in  the  Trins,  I  think  that 
the  identification  of  these  rocks  as  Permian  is  rendered  exceedingly 
doubtful. 

Nor  in  my  opinion  is  it  probable  that  any  Permian  rocks  are 
present  under  the  Trias  of  South  Lancashire,  west  of  Warrington. 
The  beds  in  the  Edge  Green  Colliery  Shaft,  which  were  identified  by 
Mr.  Binney  as  Permian,  appear  to  be  absent  under  the  Trias  at 
Parkgide  and  Winwick,  two  miles  and  a  half  and  four  miles  and 
a  half  to  the  Bouth  respectively.  A  bore-hole  at  Parkside,  from 
which  I  was  shown  specimens  by  Mr.  Timmins,  passed  through  ihe 
following  beds : —  («t. 

Pebble  Beds.  Bed,  brown,  and  white  sandstone,  with  pebblea    ....       150 

/  Bed  Bhale    32 

Loner  Mottled    I  Bright  red  and  jeUow  sandstone  with  shale  4  feet,  and 

Sandiitone.       J      containing  concietians  of  iron  pyrites  towards  the 

I     base     109 

Coal-raeasurea.       Puiple  and  green  mottled  marls  6  + 

296 
And  at  Winwick  specimens  of  the  following  beds  wei«  obtained 
by  Mr.  Timmins : — 

Tcct  lnL 

Pebble  Beds.           Hard  sandstone,  with  pebbles  and  thin  beds  of  shale. .  229  6 

{Redsbale   31  7 

Soft  sandstone    16  6 

Soft  erey  sandstone,  with  concretions  of  iron  pTiltes  21  7 

DuU-n!d  sandstone,  with  bands  of  shale 31  0 

Shale II  0 

Coal-measures.       Dark-red,  green,  and  purple  marls,  with  limestone  . .  710 

412      0 

Tliese  two  sections  commence  without  doubt  in  the  Pebble  Beds, 

which  are  well  exposed  on  the  surface  in  both  localities.     It  is  diffi- 
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cult  to  select  a  base-line  for  tliis  sub-division,  though  the  bright- 
coloured  soft  sands  certainly  belong  to  the  Lower  Mottled  Sand- 
stone. It  is  interesting  to  find  here  concretions  of  iron  pyrites  in 
a  similar  position  to  those  found  at  Collins  Green.  They  differ 
in  shape,  being  twig-shaped  instead  of  spherical,  but  resemble  them 
in  consisting  of  saud  cemented  by  iron  pyrites.  These  concretions 
probably  owe  their  origin  to  the  action  of  water  carrying  sulphides 
in  solution,  rising  from  the  Coal-measures,  and  meeting  with  the 
peroxide  of  iron  which  forms  the  colouring  matter  of  the  Trias. 
In  both  cases  the  rock  containing  them  had  lost  its  colour.^ 

The  dark  purple  and  green  marls  associated  with  limestone  at 
Winwick  and  Famworth,  and  the  similar  beds,  but  without  lime- 
stone, found  at  Parkside,  accord  with  those  which  have  been  long 
known  in  a  railway  cutting  near  Whiston.  They  are  probably  the 
equivalents  of  the  limestone  series  in  the  Upper  Coal-measures  of 
Manchester,  where  they  are  associated  with  valuable  seams  of  coal 
and  ironstone,  and  are  known  as  the  Ardwick  Limestones. 

The  limestone  found  in  the  Winwick  bore-hole  was  of  a  dull  red 
colour  and  earthy  texture,  and  showed  a  brecciated  structure  in  parts, 
consisting  of  small  fragments  of  grey  limestone  imbedded  in  a  red 
earthy  matrix.  At  Famworth,  beds  of  grey  limestone  also  were 
found.  Both  the  marls,  the  red  earthy  and  the  grey  limestones, 
brecciated  in  parts,  and  the  pui'ple  and  green  marls,  may  be  found  in 
the  railway  cutting  at  Whiston,  so  similar  in  character  that  specimens 
from  this  section  and  from  the  bore-holes  cannot  be  distinguished. 
In  order  to  complete  the  comparison,  I  submitted  specimens  of  the 
Winwick  Limestone,  with  fragments  from  Ardwick  and  Whiston.  to 
Mr.  Siddall  of  Chester,  for  examination  under  the  microscope.  They 
were  all  found  by  him  to  contain  Microconchus  carhonarius,  thus 
i-enderiug  the  identification  almost  certain.  The  purple  colour  of 
the  marls  at  these  localities  is  due  to  the  infiltration  of  colouring 
matter  from  the  overlying  Trias.  It  will  be  seen  that  at  Bold  Hall 
this  staining  extended  to  a  depth  of  364  feet  9  inches,  and  at  Collins 
Green  to  161  feet  11  inches  in  the  Coal-measures. 

Up  to  the  present  time,  nothing  further  is  known  of  these  Upper 
Coal-measures  in  this  district,  as  the  borings,  which  were  in  search 
of  water,  were  stopped  on  entering  them.  There  is  no  doubt  that 
they  overlie  the  whole  of  the  productive  Middle  Coal-measures  of 
Lancashire.  The  dip  of  these  Coal-measures  along  the  southern 
margin  of  the  Coal-field  being  generally  to  the  south-east,  and  at  a 
steeper  angle  than  the  Trias,  they  are  succeeded  in  this  direction  by 
higher  beds,  which  cropping  out  in  the  old  denuded  floor  of  Coal- 
measnres  on  which  the  Trias  rests,  never  rise  to  the  surface  at  all. 
The  limestone  series  at  Ardwick  is  underlain  at  a  distance  of  600 
feet  by  the  Bradford  and  Clayton  Coal  Series,  but  of  the  beds  inter- 
vening between  this  Coal  Series  and  the  Middle  Coal-measures 
nothing  is  known,  except  that  strata,  of  a  thickness  of  1678  feet, 
exposed  in  the  valley  of  the  Irk,  belong  to  this  part  of  the  series. 
(Geol.  Survey  Memoir  on  Country  around  Oldham).  There  is 
reason  to.  believe  that  this  great  mass  of  unproduQlvx^  \fiL^^%^\^^ 

'  The  iron  having  segregated  out. 
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aepiirating  the  Upper  and  Middle  Coal-field  may  be  reduced  t 
tliic-kness  towiirds  Wigim,  and  still  further  in  the  diatriol  nnder  con- 
sideration, aa  it  is  known  that  the  Middle  Coul -measures  lose  about 
one-third  of  their  thickness  between  Wignn  and  Preecot  (VerticJ 
Seciiona  of  the  Geol.  Survey,  Sheet  61). 

It  is  possible,  then,  tliat  future  exploration  may  prove  the  esistenw 
at  no  great  depth  of  equivalents  of  the  Bradford  and  Clayton  Coal- 
seams  in  the  measures  which  underlie  the  Trias,  nortli  of  the 
positions  of  the  bore-holes  where  the  limestone  was  proved,  hut 
south  of  and  overlving  the  1H30  feet  of  unproductive  strnta  met 
Willi  in  the  Bold  Hall  and  Collins  Green  Collieries.  Whether  the 
seams,  if  they  exist,  are  likely  to  prove  sufficiently  valuable  to  repay 
the  cost  of  sinking  to  them  must  reiusin  fur  the  present  a  matter  of 
speculation,  llie  observation  that  the  attonunlion  of  the  measures 
referred  to  above  as  taking  place  between  Wigan  and  Preaoot  is 
accompanied  hy  a  deterioration  in  the  quality  of  the  coal  in  the  same 
direction  is  not  in  favour  of  their  doing  bo,  la  the  absence  of  good 
DonI  in  these  beds,  the  great  mass  of  unproductive  measures  tliat 
would  have  to  be  penetrated  to  reach  the  productive  Middle  Coal- 
measures,  when  added  to  the  thickness  of  overlying  Trias,  will 
prevent  the  Tiiassic  areas  bordering  the  Mersey  from  bi-coniing  a 
repaying  coal-field,  at  least  until  the  more  accessible  fields  have 
been  more  nearly  exhausted  than  at  present. 

H. — ^NOTK  ON   THE  P1TCHSTOHE8  OF  AbBAK. 
By  S.  AuFORT,  F.G.S. 

IN  1872  I  published  in  the  Geological  Mao&zink  (Vol.  IX.  p.  1), 
a  brief  account  of  the  Arran  Pitchstones,  in  which  I  figured  and 
described  the  singularly  beautiful  groups  of  minute  green  crystals 
which  are  so  characteristic  of  the  rocks  on  the  eastern  shore  of  the 
island.  I  have  since  cut  many  additional  thin  slices,  and  have  long 
been  aware  that  my  paper  contains  an  error,  which  1  will  take  the 
present  opportunity  to  rectify.  The  groups  of  crystallites  to  which 
I  refer  are  described  on  pt^e  2  and  illustrated,  Plate  I-  Fig.  1,  and 
contain  the  "  long  slender  prisms  of  a  green  pyroxenio  mineral " 
there  mentioned.  In  the  last  paragraph,  p.  9,  these  green  prisms 
are  again  mentioned,  and  are  said  to  be  augiCe,  instead  of  hornblende, 
as  stated  by  Zirkel  in  his  description  of  the  same  rock.  The  grounds 
for  this  conclusion  were  twofold,  the  absence  of  dichroism,  and  the 
presence  of  undoubted  crystals  of  augite.  After  pointing  out  that 
the  pale  green  crystals  exhibit  no  trace  of  dichroism,  I  added,  "  Unless, 
therefore,  it  can  be  shown  that  some  hornblende  is  not  in  the  least 
dichroic  the  mineral  in  question  must,  on  this  ground  alone,  be 
regarded  as  augite." '  As  regards  the  latter  mineral,  there  can  be 
no  doubt  whatever  of  its  owurrence,  for  in  addition  to  the  crystal 
described  in  the  paragraph  just  quoted,  I  may  now  add,  that  it  is 
far  from  uncommon,  perfectly  characteristic  examples  having  been 
observed  by  me  in  specimens  from  several  different  localities  in  the 
island.  Having  obtained  on  the  former  occasion  clear  proof  of  the 
presence  of  augite,  I  have  now  to  admit,  that  there  is  equally  strong 
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evidence  that  the  long  green  crystals  are  hornblende.  In  a  specimen 
from  the  Pitohstone  vein  on  the  Corriegills  shore,  many  of  the  green, 
prisms  are  larger  than  usual,  and  happen  to  lie  in  positions  either 
nearly  or  quite  vertical  to  the  plane  of  the  slice,  so  that  the  angle 
of  00  P  may  be  readily  measured ;  in  all  favourable  positions  it  is 
found  to  be  a  very  close  approximation  to  124°  30^  The  larger 
prisms  which  lie  in  the  plane  of  the  slice  resemble  crystals  of 
actinolite,  and,  like  them,  are  often  traversed  at  irregular  distances 
by  transverse  fractures.  The  angle  of  extinction  is  always  small, 
but  varies  from  3°  or  4°  to  about  15°.  There  can  be  no  doubt  there- 
fore that  the  mineral  is  hornblende. 

The  mineral  constitution  of  the  Arran  Pitchstone  may  now  be 
regarded  as  definitely  ascertained.  The  rock  consists  of  a  struc- 
tureless glass,  in  which  are  imbedded  the  following  minerals — two 
felspars,  orthoclase  and  a  triclinic  species,  bipyramidal  quartz,  horn- 
blende, augite  and  magnetite,  all  of  which  occur  occasionally  in  more 
or  less  perfect  crystalline  forms.  The  glassy  matrix  is  clear  and 
colourless,  but  the  innumerable  crystallites  of  hornblende  with  which 
it  is  crowded  impart  to  hand-specimens  their  well-known  shade  of 
dark  glossy  green. 

Mason  College,  BmMiNOHASf. 

III. — The  Basement  Beds  of  the  Cambrian  in  Anglbsea  and 

C  A  RN  ARVONSHIBE. 

By  R.  D.  Roberts,  M.A.,  D.Sc.  (Lend.),  F.G.S., 
Clare  College,  Cambridge. 

THE  following  facts  were  observed  during  a  visit  to  Anglesea  and 
Carnarvonshire  in  company  with  Prof.  Hughes  in  the  early  part 
of  July.  They  still  further  bear  out  and  confirm  the  evidence  given 
in  a  short  communication  to  the  Geolooioal  Magazine  for  May, 
1881,  bearing  upon  the  position  of  the  Twt  Hill  conglomerate. 
Among  the  arguments  brought  forward  against  the  Cambrian  age  of 
that  conglomerate,  much  stress  has  been  laid  upon  the  absence  from 
it  of  felsite  pebbles,  which  are  so  characteristic  of  the  Cambrian 
conglomerate  in  the  neighbourhood  of  Bangor. 

In  the  former  paper  I  stated  that  fossiliferous  Cambrian  shales 
and  sandstones  had  been  traced  down  by  Prof.  Hughes  at  two  or 
three  points  in  Anglesea  into  a  quartz  conglomerate,  lithologically 
not  distinguishable  from  the  Twt  Hill  conglomerate.  We  have 
now  traced  this  conglomerate,  which  always  passes  up  into  brown 
sandstones  that  are  sometimes  fossiliferous.  over  a  considerable  area 
round  Llanerchymedd,  and  found  it  always  resting  upon  and  following 
the  contours  of  the  pre-Cambrian  axis.  It  presents  variations  both  in 
thickness  and  in  lithological  character.  In  a  quarry  near  the  wind- 
mill half  a  mile  east  of  Llanerchymedd,  bands  of  conglomerate,  largely 
made  up  of  felspathic  fragments,  alternate  with  bands  of  pure  quartz 
conglomerate  of  the  Twt  Hill  type.  Half-way  between  this  quarry 
and  Llanerchymedd,  in  a  bye-road  on  the  south  side,  the  conglomerate 
is  seen  to  be  actually  divided  by  a  band  of  shale  from  ten  to  twenty 
feet  thick ;  the  conglomerate  above  and  below  the  shales  belu^m&d^ 
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np  of  qtmctz  pebbles.  At  Peiiygraig,  nenr  Penlon,  nbout  four  mil«a 
eoiilh  of  Amlwch,  a  still  more  interesting  exnmple  of  varirttion  in  tlie 
cliaracter  of  the  conglomerafe  is  sbown.  Tbe  basement  bed  resting 
oTi  tlio  granitoid  nsis  at  Penlon  presents  all  the  chamcteriBtio  feutuna 
of  the  Twt  Hill  conglomerate,  nigher  up  at  Penygraig  a  bflnd 
occurs  composed  almost  entii-ely  of  felsite  pebbles;  different  parts 
therefore  of  the  same  conglonienitic  series  present  litbol.)gic«l 
dinraotera  as  diverse  aa  the  charaoters  of  the  felsite  conglomerate  of 
Bangor  and  the  quartz  conglomerate  of  Twt  Hill,  Towards  the 
S.W.  of  Angleaea  the  conglomerate  ceases  to  be  a  ijuartz  conglomerate 
and  West  of  Llanfaelog  is  made  up  largely  of  fragments  of  green 
felspathto  rocks 

In  thickness  the  varialions  are  also  considerable.  At  Prys  Owen 
Fnob  11  miles  S  W.  of  Llanerchymedd,  the  conglomerate  is  repro- 
sentpd  by  a  thm  band,  only  a  few  inohes  thick  at  the  base,  of  the 
fossilifenuB  brown  sandstones,  and  resting  upon  tbe  gneiss  ;  while 
farther  to  the  S  W.,  near  Llanfaelog,  the  ihiukaess  appe«rs  to  be 
very  great.  The  Cambrian  suocosBion  in  Angelsea  may  be  representeil 
diogrummatioully  as  follows :  ^^ 


Lowest  Bhdb  or  Cami 


a.  Pre -Cumbrian  niis. 

b.  Canglomerate  of  variable  Ibiclcness,  sometimea  a  pure  quartz  coa?lomentte, 

aometimee  made  up  of  feUtic  material,  and  aonetimQs  showing  altematiaas 
of  bands  of  sandstone  oi  slate. 

c.  Brown  sandstones,  sometimes  contBioing  Orthida. 

d.  Blaek  or  gre}'  shales,  eomedmee  banded. 

e.  Black  breccinted  aahj-looking  shales  with  fossila. 
/.  Black  shales,  containing  Oraplolilei. 

Turning  to  Carnarvon  the  succession  is  seen  to  he  precisely  similar. 

At  Puntseiont  black  shales  containing  Qraptoliteg  occur  dipping 
8.S.E.  Walking  across  the  strike  towards  the  Pre-Cambrian  axis 
of  Twt  Hill,  brown  sandstoneB  are  met  with  at  the  entrance  of  the 
Twt  Hill  quarry,  dipping  S.S,E.,  which  pass  down  at  once  perfectly 
conformably  into  the  well-known  conglomerate  of  quartz  pebbles 
which  rest  against  the  granitoidite. 

The  sequence  is  in  every  particular  similar  to  that  in  Anglesea, 
both  in  respect  to  the  lithological  character  of  the  several  beds,  and 
in  their  relation  to  the  pre-Cambrian  axis.  No  one  who  has  studied 
the  Iwds  in  Anglesea  can  feel  a  doubt  as  to  the  position  of  the  Twt 
Hill  bed. 

The  resemblance  between  the  two  areas  may  be  still  farther 
followed  up. 

The  Twt  Hill  conglomerate  traced  from  Carnarvon  towards  Bangor 
appears  to  thin  out,  and  is  not  seen  beyond  the  quarry  between 
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Tygwyn  and  Ysyuborwen,  about  half  a  mile  N.E.  of  Carnarvon. 
Tlie  brown  grit  and  sandstones,  however,  are  well  exposed  about 
three  miles  to  the  N.E.  at  Carreg  Goch,  dipping  at  a  high  angle  to 
the  S.S.E.,  and  apparently  dipping  under  black  shales.  Still  farther 
north-east,  but  south  of  Llanddeiniolen,  similar  beds  are  seen  con- 
taining hard  bands  of  quartz  pebbles,  dipping  as  before  S.S.E.,  and 
succeeded  by  black  shaly  beds.  North  of  Llandeinidlen  the  con- 
glomemte  becomes  felsitic.  The  actual  base  of  the  series  is  not 
seen,  the  lowest  bed  exposed  being  a  grit  of  quartz  and  felsite 
passing  up  into  a  conglomerate  composed  of  felsite  pebbles. 

This  seems  to  furnish  a  parallel  instance  to  that  at  Penygraig  and 
Penlon,  in  Anglesea,  referred  to  above,  where  two  conglomerates 
occur,  a  quartz  conglomerate  below,  and  a  felsite  conglomerate 
above  separated  by  quartz  sandstones. 

lliere  is,  therefore,  nothing  exceptional  in  the  fact  that  a  con- 
glomerate exhibits  very  different  lithological  characters  in  different 
parts  of  even  a  limited  area.  If  anything  more  is  needed  to  show 
that  the  lithological  difference  between  the  conglomerates  of  Twt 
Hill  and  Bangor  is  no  valid  argument  against  the  Cambrian  age  of 
the  former,  I  need  only  state  tlmt  on  the  shore  of  Ihe  Menai  Straits, 
near  Garth  Ferry,  Bangor,  a  band  of  quartz  conglomerate  occurs 
high  up  in  the  Cambrian,  which  lithological ly  so  closely  resembles 
the  Twt  Hill  conglomerate,  that  if  a  number  of  unlabelled  specimens 
from  the  two  places  were  mixed  together,  it  would  be  extremely 
difficult,  if  not  impossible,  to  re-sort  them.  The  sandstones  in  which 
the  conglomeratic  band  occurs  may  be  traced  down  some  400  or  500 
feet  into  the  felsitic  conglomerate  which  forms  the  base  of  the  series 
in  that  area. 

It  appears  therefore  that  whatever  objections  there  may  be  to 
regarding  the  Twt  Hill  conglomerate  as  the  base  of  the  Cambrian 
in  the  Carnarvon  area,  the  stratigraphical  evidence,  as  Prof.  Huglies 
has  already  shown  by  careful  mapping,  is  all  in  favour  of  that  view. 
The  identity  of  sequence  in  Anglesea  and  at  Carnarvon  constitutes 
an  argument  of  the  greatest  weight,  which  no  lithological  difference 
such  as  the  conglomerates  of  Bangor  and  Carnarvon  display  could 
counter-balance,  oven  if  it  had  not  been  possible  to  parallel  these 
with  similar  differences  in  other  areas  where  no  doubts  as  to  the 
stratigraphical  position  of  the  various  beds  exist. 


IV. — On  the   Paleozoic  Rooks  of  North    Devon  and   West 

SOBIERSKT. 
By  W.  A.  E.  UssuER,  F.G.S. 

THE  Palaeozoic  rocks  of  North  Devon  and  West  Somerset,  present- 
ing so  complete  a  change  in  stratigraphical  sequence  and 
IflBontological  and  lithological  characters  from  those  fonning  the 
Coal-basins  of  Somerset  and  South  Wales  and  their  environs,  have 
long  attracted  the  attention  of  geologists.  The  bibliography  of  the 
subject,  which  has  since  attained  such  formidable  dimensions  and 
embraces  so  many  stars  in  the  geological  firmament,  had  been  swelled 
by  the  contributions  of  early  theorists ;  and  ere  the  term  Grauwacko 
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Imd  been  obliterated  from  our  t«st-bookH,  the  general  euccession  o[ 
tile  rocks  liail  been  so  ailmirnbly  sketcbed  b;  De  la  Beobe  in  bia 
Kepnrt  tbat,  altbougb  too  littlo  quoted  as  an  aiitbority  on  tbe  etrati- 
gropby  of  tbe  subject,  prevalent  opinion  bas  now  endorsed  liie  correct- 
ness of  tbe  sucoeeaion  given  by  him  ;  and  tbat  succeBeion,  ha^-ing  been 
endowed  witb  a  recognized  nomenctature  by  Huhaequent  observers, 
DOW  forme  the  basis  for  the  disoueeion  of  a  wider  correlation  tending 
almost  to  sweep  away  the  distinguishing  epithets  which  Ii&d  been 
lomlly  applied  to  its  divisions. 

Tile  comparison  instituted  by  Mr,  Weaver  in  1839  between  the 
rooks  of  Nortb  Devon  and  tbe  South  of  Ireland  opened  a  con- 
tTOversy  wliicii,  after  the  expressioa  of  Sir  R-  Griffith's  opinion 
in  1842,  remained  tolerably  quiescent  till  1S65,  but  bos  since 
become  an  almqst  invnriable  element  in  tbe  subsequent  treatment 
of  the  subject.  Prof.  Jukes,  in  1865,  1866,  1867,  and  1868,  in  e. 
series  of  papers  communicated  to  tbe  Roy.  Geol.  8oo.  of  Ireland  and 
tbe  Geol.  Soo.  of  London,  reopened  this  eonti-overay,  roaiotaining, 
in  opposition  to  the  views  of  previous  writers,  that  the  Lowra-  Culm 
Mettsures  and  Devonian  rocks  of  North  Devon  were  partly  correlative 
with  tbe  Carboniferous  slates  of  the  South  of  Ireland,  partly  with 
the  Old  Red  Sandstone.  He  got  rid  of  tbe  obstacles  to  his  theory  pre- 
sented by  the  great  tbickness  anil  developmeiit  of  tbe  slate  and  grit 
series  i-ecognized  by  Prof.  Phillips  and  others  as  Middle  and  Lower 
Devonian,  by  the  insertion  of  a  great  Slast  and  West  fault  between 
Hortboe  and  Wiveliscorabe ;  presuming  that  these  strata,  in  spite  of 
strong  litbological  and  pnlfeontological  differences,  were  a  repetition 
of  those  on  the  south  of  the  supposed  fault,  and  regarding  the 
Pickwell  Down  grits  as  identical  with  those  of  tbe  Foreland  Group, 
and  the  equivalent  of  the  Old  Bed  Sandstone.  This  -view  of  the 
structure  of  North  Devon  being  so  contrary  to  tbe  then  accepted 
opinion  of  Prof.  Sedgwick  and  Sir  R.  Murchison  (who  advocated  a 
conformable  descending  series  from  the  Culm  Measures,  substituting 
the  word  Devonian  for  Transition  and  Gratiwacke  before  applied  to 
it,  and  regarding  Devonian  strata  as  marine  equivalents  of  the  Old 
Red  Sandstone),  induced  tbe  latter  to  send  Mr.  Etheridge  to  Devon 
in  1866-7,  to  vindicate  their  views.  The  results  arrived  at  were 
published  in  Q.J.G.S.  vol.  xxviii.  in  1867,  in  the  most  eKhanstive 
paper  that  tbe  question  has  elicited.  In  it  Mr.  Etheridge  demonstrated 
the  accuracy  of  tbe  classification  put  forward  by  Prof.  Phillips  in 
1841,  and  endorsed  by  Mr.  T,  M.  Hall  (in  a  lecture  delivered  to  the 
Exeter  Naturalists'  Club  in  1866).  He  pointed  out  the  conformity 
of  the  members  of  tbe  descending  sequence,  and  the  absence  of  any 
great  repeating  fault,  showing  by  palreontological  evidence  that  the 
Middle  and  Lower  Devonian  slates  could  not  possibly  be  a  repetition 
of  the  Upper  Devonian  and  Lower  Culm  Measure  slates  and  grits. 
Mr.  Etheridge,  however,  admitted,'  that  tbe  Pickwell  Down  Series 
may  be  equivalent  to  the  Welsh  and  Irish  Upper  Old  Bed  Sand- 
stone. It  may  therefore  be  conceded  that  Prof.  Jukes's  papers, 
although  entirely  at  fault  as  to  the  stratigrapbioal  and  lithologicsl 
*  Quart.  Joum.  GeoL  Soe.  toI.  miii.  p.  688. 
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structure  of  North  Devon  and  West  Somerset,  established  a  basis 
for  a  more  pliilosophical  and  extended  classification.  Prof.  Hull  in 
3878  sent  an  article  to  the  Gbol.  Mag.  in  which  he  accepted  Mr. 
Etheridge's  general  classification,  and  Prof.  Jukes's  correlation  of 
the  PicTvwell  Down  Series  with  the  Old  Bed  Sandstone,  but  regarded 
the  Foreland  Group  as  equivalent  to  the  Dingle  and  Glengariff  grits, 
bridging  over  the  unconformity  between  the  latter  and  the  Old  Red 
Sandstone  by  a  Marine  Devonian  series  composed  of  the  Morthoe 
and  Ilfrooombe  slates  and  shales,  the  Hangman  grits,  and  the  Lynton 
grits  and  schists. 

In  1879  Prof.  Hull  read  before  the  Geol.  Soc.  of  London  a  paper, 
in  which  ho  maintained  on  evidence  the  unconformity  of  the 
Glengari£f  grits  to  the  Old  Bed  Sandstone,  and  the  overlap  of 
Carboniferous  strata  upon  them,  and  correlated  the  Glengariflf 
grits  with  the  Ludlow  series  of  the  West  of  England  and  the 
border  of  Wales. 

In  1880  Prof.  Hull  further  applied  his  views,  correlating  the 
Irish  section  with  that  of  Devon  as  proposed  by  him  in  1878,  main- 
taining the  identity  of  the  Pickwell  Down  Sandstones  with  the 
Upper  Old  Bed  and  with  the  Psammite  de  Condroz  of  Belgium,  and 
of  the  Foreland  Grits  with  the  Dingle  and  Glengariff  Beds,  as 
Upper  Silurian. 

Notwithstanding  the  vast  amount  of  literature  that  has  been 
written  on  North  Devon  and  West  Somerset,  comparatively  little 
attention  has  been  paid  to  the  stratigraphical  relations  of  the  beds 
apart  from  considerations  of  correlation  with  rocks  elsewhere,  upon 
palseontological  grounds.  Even  Mr.  Etheridge's  paper  left  much 
to  be  done  in  this  respect  and  failed  to  explain  the  changes  which 
the  various  divisions  undergo  when  traced  from  west  to  east, 
and  more  particularly  left  unsolved  the  relations  and  extent  of 
the  Lower  Devonian  beds.  To  supply  this  need  I  have  neglected 
no  opportunity  of  ascertivining  the  relations  of  the  older  rocks  in 
North  Devon  whilst  engaged  on  a  survey  of  the  superficial  deposits 
on  behalf  of  the  Geological  Survey,  and,  having  to  study  them  in 
West  Somerset  with  reference  to  the  bordering  Triassic  districts  also, 
succeeded  in  constructing  a  geological  map  of  the  area  upon  Sheets 
27,  26,  20  and  21,  of  the  Ordnance  Maps.  Of  these,  Sheets  20  and 
21  have  been  mapped  in  detail  as  well  as  the  defective  topography 
would  allow;  but  in  Sheet  27,  points  of  junction,  established  by 
coast  work  and  numerous  traverses  up  the  courses  of  the  principal 
streams,  have  been  joined  up.  Sheet  26  contains  a  very  small  part 
of  the  Devonian  area,  and,  like  27,  has  not  been  surveyed  in  detail. 
An  abstract  of  the  notes  made  during  these  surveys  would  make  a 
paper  of  very  considerable  size,  the  notes  themselves  being  sufficient 
to  form  a  monograph  upon  the  stratigraphy  of  North  Devon  and 
West  Somerset  of  considerable  bulk.  I  purpose,  therefore,  to  give 
the  briefest  possible  outline  of  the  results  obtained,  taking  the 
divisions  seriatim  from  the  Foreland  rocks  upward. 

The  divisions  are  as  follows  : — 

Lower  Devonian  }  Foreland  Grits. 

}  Lynton  Beds— GritB  aud  Sc\iJa\a. 
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I  HanjTnnn  Grila. 
SliJiile  Deronisa     (,Vli)rl*'tiui;  iind  Illrntombc  Sori™), 

(  S!iitos,  Sliuli:^,  limil  <Jrittr  BimI*  nod  limc&totiM. 

I  I'itkweli  Uoisn  Unto  wilh  Slute. 
Cppor  Devonian ]  li^gSI  Ui^^I'iUfe'ii'*  SIkWi,  Cucnllmtt  Gril*. 

(  rillau  Bed«— Argtllacuaua  Siaus. 

The  Foveland  grits  occupy  a  snperficiea  of  about  thirty  square 
miles,  estendiug  a  diglanoe  of  eevmitoeu  miles  from  Coutit^sbuij 
on  the  west  to  Minohead  on  the  east. 

They  consiat  of  very  hard,  generally  fino'grmaed,  siliceous,  nA 
lirowu  and  [)iilei  grey  grits  in  thick  beds,  aanociated  with  chocolate 
ryd  and  grey,  very  hard,  irregularly  bediled,  fine  grite,  splitting 
somewhat  like  marl  thruugh  a  network  of  cloae  intersecting  joints, 
etc.,  nnd  very  occasionally  (as  in  the  valley  nt-ar  Minebead  ctiurch), 
aHSuiuiag  a  ahaly  struelufe. 

The  Foreland  grits  are  thrown  against  the  Lynton  beds  by  a  great 
fuult,  shown  near  tlie  angle  of  tbe  X'oreland  projection  on  the  coast, 
and  separated  from  the  point  by  three  spits  of  gravel  bnach  isoluted 
from  the  fault,  and  from  each  other,  by  projoctiona  of  Che  cliff-  In 
the  cliffs  tbe  fault  ia  disuernible  as  a  thin  irregular  line  of  reddish 
earth,  hut  in  tlieir  upper  and  receding  portion  it  is  not  distJiigui^ 
able  from  the  beach,  probably  owing  to  the  presence  of  a  patch  of 
Lynton  beils  upon  lliu  ujicast  side.  In  the  bench-reefs  the  fmdt  is 
evidenced  in  a  direction  from  E.  15°  8.  to  W.  lfi°  N. ;  near  it. 
Foreland  grits,  stained  buff  and  yellow  from  infiltration,  form  a  con- 
spicuous patch  of  colour  in  the  cliffs.  The  fault  running  inland  by 
Countesbury  Camp  cuts  across  the  bends  in  the  West  Lynn  valley  on 
either  aide  of  Watersmeet,  being  shifted  a  little  to  the  south,  by  a 
orosfl  fault  at  the  east  end  of  the  Camp.  It  runs  by  Hill  Farm, 
Malmsniead,  and  Oare  (vide  Q.J.G.S.  for  Aug.  1879,  p.  538,  etc.). 

Patches  of  Lynton  beds  appear  to  rest  conformably  upon  tbe 
Foreland  rocks,  on  the  north  side  of  this  great  junction  fault  at  Oare, 
and  probably  on  the  east  of  Uall  Farms,  where  it  appears  to  be 
shifted  by  a  cross  fault  With  tlie  disappearance  of  the  Lynton  beds 
Id  the  East  Lynn  valley  between  Oareford  and  Luccott  Hill,  it 
becomes  exceedingly  difficult  to  fix  on  the  course  of  the  fault,  as  the 
evidence  of  surface  stones  and  individual  sections  is  not  sufBciently 
marked  to  distinguish  the  Foreland  from  the  Hangman  series,  llie 
fault  appears  to  run  from  Oareford  along  the  south  slope  of  the 
valley  from  Stock  Mill  to  Gloutsham  Ball.  It  is  probably  shifted 
by  a  cross  fault  on  the  north  of  Luckham  Barrows,  and  disappears 
under  the  Trias  near  Old  Ball  Farm.  The  Foreland  grita  reappear 
at  ^'imberscumbe  ;  the  main  fault,  having  been  shifted  to  the  south, 
by  a  cross  fault  along  tbe  Timbersconibo  valley,  runs  into  the  Triassio 
area  near  Wilhycombe,  passing  by  Bouniton  (where  the  Foreland 
grits  make  characteristic  rounded  knoll  features)  and  the  north  of 
Dunster  Park. 

Bocks  resembling  Foreland  grits  occur  near  Pareon  Farm,  on  the 
north  margin  of  tbs  Quautocks,  but  they  may  be  a  variety  of  the 
Hangman  series. 

Lynton  Beds. — The  Lynton  beds  occupy  an  area  of  about  fourteen 
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square  miles.  They  consist  of  neutral  and  dark  bluish-grey,  even- 
bedded  grits,  schistose  grits  and  schists,  with  fossiliferous  calcareous 
films.  They  pass  insensibly  upward  into  the  Hangman  series. 
Taking  their  upper  boundary  at  the  coast  north  of  Trentishoe,  it 
trends  thence  E.S.E.,  through  Maitinhoe,  by  Barbrick  Mill,  near 
Brendon  Parsonage,  along  the  slope  of  Oare  Oak  Hill,  and  at  the 
base  of  Black  Barrow  Down,  running  into  the  fault  on  the  north-west 
of  Luocot  Hill,  where  the  Lynton  beds,  near  their  final  disappearance 
in  the  East  Lynn  valley,  exhibit  a  perfectly  conformable  junction 
with  the  overlying  Middle  Devonian,  or  Hangman,  grits. 

Hangman  Orits. — ^Tlie  Hangman  grits  occupy  a  superficies  of 
about  fifty  square  miles.  They  are  very  variable  in  cheuracter,  and 
frequently  associated  with  slaty  or  shaly  beds.  The  upper  part  of 
the  division  generally  consists  of  rather  coarse  whitish  quartzose 
grits  speckled  with  red ;  hard  red  and  grey  grits,  red  finely  mica- 
ceous grit  associated  with  shaly  materials,  often  characterize  the 
middle  portion,  whilst  lilac  and  dull -grey  grits,  sometimes  flaggy 
or  slaty,  predominate  in  the  lower  portion  of  the  division.  The 
variability  of  this  division  often  renders  the  site  of  its  faulted 
junction  with  the  Foreland  group  between  Luccot  Hill  and  Withy - 
combe  very  indefinite.  The  features  made  by  the  Hangman  series 
are  less  abrupt  than  those  of  the  Foreland  rocks,  and,  unlike  them, 
form  graceful  outlines  rising  in  dominant  depressed  peaks  in  the 
higher  districts,  as  in  Dunkery  Beacon  and  the  Quantocks,  when 
viewed  from  a  western  aspect. 

The  junction  of  the  Hangman  beds  with  the  Middle  Devonian 
slate  series,  as  shown  in  the  cliffs  of  the  Little  Hangman  Hill  bound- 
ing Combe  Martin  Bay,  forms  a  conformable  passage  through  the 
presence  of  grits  at  the  base  of  the  latter. 

From  the  coast  the  junction  runs  by  Holstone,  on  the  north  of 
Paracombe,  at  the  foot  of  Chapman  Barrows,  by  Oare  Oak  to  the 
source  of  the  Exe,  and  thence  trends  east,  at  the  foot  of  Black 
Barrow  Down  ^nd  Codsend  Moor.  On  the  east  of  Luckham  Barrows 
the  Hangman  beds  are  apparently  cut  out  by  a  faulted  projection  of 
raddled  slates  of  the  overlying  series,  but  they  are  again  brought  up 
by  the  Timberscombe  valley  fault,  and  constitute  the  major  part  of 
Croydon  Hill,  occurring  also  in  faulted  patches  on  the  south  of  it. 
They  pass  under  the  slate  series  at  the  east  end  of  Croydon  Hill. 
Hangman  grits  form  the  north  part  of  the  Quantocks,  extending  as 
far  south  as  Bagborough,  but  bounded  by  faulted  strips  of  the  slate 
series  between  Beigborough  and  Crowcombe  on  the  margin  of  the 
Triassic  districts.  On  the  east  margin  of  the  Quantocks  the  slate 
series  wraps  round  the  Hangman  beds,  being  evidenced  as  far  north 
as  Doddington,  and  in  the  stream  bed  by  Hoiford. 

The  Middle  Devonian  slate  series  occupies  a  superficies  of  about 
a  hundred  and  seventy  square  miles.  It  forms  a  band  averaging 
four  miles  in  width  from  the  Woolacombe  Sands  to  Winsford.  From 
Winsford  it  extends  in  a  faulted  northerly  projection  cutting  out 
the  Hangman  beds  between  Croydon  Hill  and  Luckham  Barrows. 
It  forms  the  whole  Brendon  area  east,  south-east,  and  south  o£ 
Oroydon  Hill^  and  the  southern  part  of  the  Quaii\;ocYE« 
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Tlio  iioundary  between  the  MiiJdla  Devonian  skies  and  lite  Pick- 
well  DnwD  beds  baa  been  atrefully  traced  by  me  tbroughout  th» 
area,  witb  the  eseeptiou  of  five  mUea  between  West  Down  and 
L«xhore,  on  either  side  of  Bittadon.  Near  Woolucombe  northerij 
dips  iu  the  Middle  Devonian  (Morte  Blttles)  would  give  ooloar  lo  Prol. 
Jiikee's  Buppositiun  of  a  fault;  bnt  they  are  speedily  Co uateracted, 
and  can  only  be  taken  to  indicate  a  local  roll  or  inversion  in  tbe 
beds  near  their  junction  which  follows  the  contour.  The  jtinclion 
through  Sniitha  Park  near  Irf)shore,  is  effected  by  a  fault  ninuing 
north-west  and  south-east  for  two  miles  sod  is  probably  also  a  fault 
■where  it  crosses  the  Bray  Valley  near  Office  Farm.  From  the  coast  lo 
Span  Head  the  Pickwell  Down  beds  do  not  appear  to  pass  lithoti^cally 
into  the  Middle  Devonian;  bnt  from  Spun  Head  eastward  purple 
slates  make  their  appearance  at  the  base  of  the  Upper  Devonian,  and 
form  a  perfect  paseage  into  the  elates  of  the  underlying  series  (se« 
Proe.  Somerset  Archfeol.  and  Nat.  Hist.  Soc  for  1879.  part  it.  "On 
the  Geology  of  Parts  of  Devon  and  West  Somerset  north  of  South 
Molton.  etc.,"  where  the  nntnre  of  the  Middle  Devonian  slate  series 
and  its  janotion  with  the  Upper  Devonian  between  Challacombe  and 
Lype  Hill  has  been  desoribed  in  detail). 

The  junction  extends  by  Withypool  and  Exton  Hill  to  Blagdon 
Hill,  whence,  through  an  anticlinal  structure,  in  part  complicated  by 
iaults,  the  Middle  Devonian  slates  extend  westward  through  Brompton 
Regis  to  beyond  Browford  Farm  ;  proving  that  the  great  snperfioial 
breadth  of  the  Pickwell  series  between  Dulverton  Common  and 
Landacre  Bridge  (near  Withypool)  is  due  to  flexures.  The  junction 
recrosses  the  Ese  and  runs  along  the  north  flanks  of  Haddon  Down, 
Heydon  Down,  and  Main  Down  Hills,  finally  disappearing  under 
the  Triassio  rocks  on  the  north  of  Wivelisoombe. 

MorU  Slates. — The  upper  part  of  the  Middle  Devonian  slats  series 
oousiets  of  greeniitb  grey  glossy  elates,  anfoesiliferous,  and  containing 
much  quartz  ;  but  in  the  Brendon  Hill  area  these  characters  are  not 
pervistent,  the  elates  exhibiting  bluish  grey  and  silvery  hues,  and 
being  frequently  irregular  and  gritty. 

Jlfracombe  Beda. — The  lower  part  of  the  series  ia  much  less 
homogeneous,  being  oompoaed  of  slates  and  shales  witb  films  of 
arenaceous  material  and  irregular  impersistent  beds  of  limestone. , 
The  arenaceous  element  is  strongly  developed  in  the  Quantock  area 
near  Enmore  and  Asholt,  where  grito  are  so  abundant  as  to  occasion 
some  difficulty  in  distinguishing  the  base  of  the  aeries  from  the 
Hangman  division.  Grits  also  occur  on  the  east  of  Croydon  Hill 
and  near  Cutcombe. 

Limestone  bands  are  most  numerous  in  the  vicinity  of  Combe 
Martin,  and  on  the  Quantocka.  Where  the  calcareons  matter  was 
distributed  in  thin  strings  or  patches,  it  haa  frequently  been  entirely 
dissolved  away,  leaving  a  friable  sandstone  residuum. 

Upper  Devonian. — The  Pickwell  Down  series  occupies  a  superficies 
of  about  85  square  miles.  It  is  composed  of  an  upper  portion  of 
Indian -red- coloured  slates  upon  red,  green,  and  grey  grits ;  tbe  lower 
beds  appear  to  be  greenisli  and  brownish  grits,  between  the  ooast 
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and  Span  Head,  where  the  basement  series  of  purple  slates  makes  its 
appearance.  The  junction  between  the  Pickwell  slates  and  the 
green  Lingula  slates  of  the  Baggy  beds  is  perfectly  conformable, 
being  well  shown  on  the  coast,  and  to  the  south  of  Loxhore. 

Owing  to  synclinal  structure  the  Pilton  and  Baggy  beds  make  a 
re-entering  angular  projection  with  the  Pickwell  Down  series  on  the 
west  of  North  Molton  Ridge.  The  Pilton  and  Baggy  beds  occupy 
a  superficies  of  about  105  square  miles. 

The  Baggy  beds  are  composed  of  green  slates  containing  lAngnla, 
and  brown  micaceous  grits  and  flags  containing  Cuculloia.  The 
brown  grits  extend  eastward  from  the  coast  to  Benton,  near  Stoke 
Bivers  resting  upon  the  green  slates,  but  further  east  they  are 
scarcely  recognizable  as  a  stratigraphical  horizon,  the  Bnggy  beds 
being  frequently  cut  out  by  faults  between  Dulverton,  North  Molton, 
and  East  Buckland.  Brown  grits  containing  CncuUcea  occur  above 
the  green  slates  near  Witherwind  on  the  south  of  Haddon  Down  ;  but 
Cueullcea  has  been  found  by  Mr.  T.  M.  Hall  in  slaty  red-brown 
grits  at  the  base  of  the  green  slates  in  the  vicinity  of  the  Tone 
Valley.  As  grits  occur  in  the  Pilton  slates,  the  Cuctdlcea  zone  could 
only  be  distinguished  by  the  discovery  of  its  characteristic  fossils  in 
the  district  east  of  Stoke  Hivers,  whereas  the  green  slates  may  be 
regarded  as  a  persistent  stratigraphical  horizon. 

The  Pilton  beds  consist  of  dull  greenish  and  bluish-grey  argilla- 
ceous slates,  occasionally  containing  thin  strips  of  calcareous  matter 
generally  dissolved  away  and  leaving  a  brownish  friable  fossiliferous 
residuum.      They   contain   a  marked    development   of    grits   near 
Braunton,  Clayhanger,  and   Stawley ;    grits  occur  also  at  various 
horizons  in  the  intermediate  localities.     The  Pilton  beds  being  much 
plicated,  the  appearance  of  grits  in  them  renders  the  detection  of  the 
Cueullcea  zone  in  the  district  between  Dulverton  and  East  Buckland 
Tery   uncertain.     Bands  of  grit  running  from   Hele   Bridge,  near 
Dulverton,  toward  West  Anstey,  and  on  the  south  of  North  Molton 
and  north  of  Castle  Hill,  suggest  anticlinal  axes  of  the  CticullcBa  zone. 
The  Pilton  beds  make  a  most  unsatisfactory  junction  with  the 
Culm  Measures ;  they  frequently  exhibit  contrary  dips  in  its  vicinity, 
probably  due  to  inverted  anticlinals,  and  the  line  wliere  the  junction 
should  occur  coincides  with  a  strip  of  old  alluvial  land  cutting  across 
the  present  north  and  south  courses  of  the  streams,  and  in  part  con- 
cealed by  the  alluvium  of  the  River  Yeo.     Near  Dulverton  Station 
the  distinction  between  the  Pilton  and  Culm  Measure  slates  appears 
to  be  purely  pal  aeon  tological,  and  south  of  Clayhanger  and  Stawley 
there  is  every  reason  to  conclude  that  their  junction  is  perfectly 
conformable ;    at  Morebath  fault  junctions  complicate  the  relations 
of  the  beds. 

Igneous  Bocks,  —  Notwithstanding  the  existence  of  Granite  at 
Lundy,  and  the  appearance  of  alteration  in  the  Lower  Culm  Measures 
of  Coddon  Hill,  etc.,  igneous  rocks  are  seldom  met  with  in  the 
Palssozoic  area  of  North  Devon  and  West  Somerset.  Traces  of 
igneous  rock  occur  in  the  Lower  Culm  Measures  in  two  or  three 
places  near  Fremington  (Sheet  26).     The  junction  between  the 
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Upper  sa\i  Middle  Devonian  waa  fhouglit  to  \ta  marked  by  a  rccnn- 
Btructed  I'elsilio  rook  exposed  at  Bitladon,  where  il  occiiiiiea  tital 
positioQ  in  tbe  series.  Frofessor  Bonne;,  in  a  recent  article  ia  tli« 
GeoLuaiOAL  Maoazine.  jtointed  out  tlie  intrusive  ohurocler  of 
this  rock  as  exempUfied  in  tlie  Bittadon  Bectioii.  an<l  with  liia 
determination  I  agree.  No  long  extended  line  of  igneous  rock  is 
visible  tbrougliont  the  area,  Itut  in  the  vicinity  of  tlie  horizon  it 
occapiea  at  Bittadon  Ibe  rock  has  been  observed  in  several  plaeei. 
1  have  ob§erved  it  near  OfSce  Farm  on  tbe  enrt  of  Bray  valley  (in 
Sheet  27)  at  tbe  junction  of  the  Upper  and  Middle  Devonian ;  and  in 
two  places  in  Sheet  20,  between  Winsford  and  Withil  Florey,  viz.  tt 
ArinDor  Farm  in  tbe  upper  beda  of  the  Middle  Devonian  elates,  and 
near  Farmere  Farm  in  the  Middle  Devonian  at  some  distance  from 
tbe  Upper  Devonian  Boundary,  ita  position  being  probably  affected 
by  faults.  My  friend  Mr.  Townshend  Hall  bas  kindly  fnrnished 
lue  Avitb  tbe  following  additional  localities  in  Sheet  27,  viz.  between 
Ashelfordand  Honeywell  Farms,  where  tbe  felsita  was  oKposed  in 
a  well  section  and  road  cutting  at  ibe  junction  of  tbe  Upper  and 
Middle  Devonian ;  and  at  Smitha  Park  in  tbe  upper  beds  of  the 
Middle  Devonian  near  their  fanlted  junction  with  tbe  Upper 
Devonian  on  tlie  east  of  Loxbore.  Sir  B.  Chichester  infonued  Mr, 
Hall  that  be  had  met  with  the  felsite  at  Arlington.  Between 
Cockercomb  and  Adacombe  on  tbe  Quantocks,  Sbeet  20,  a  fine 
quarry  exposes  a  patch  of  greenish  trap  asb  rock  apparently  in 
faulted  basement  beds  of  tbe  Middle  Devonian  elate  series  at  their 
junction  with  the  Hangman  grits. 

In  Hestercotub  Park  (south  part  of  the  Quantocks)  a  patch  of 
syenite  occurs  in  tbe  upper  part  of  tbe  Middle  Devonian  slate  series. 


Y. — Oh  some  Points  in  thk  Mokpholoov  of  tbe  Bhabdopuoba. 
By  John  Hopunbon,  F.L.S.,  F.G.8. 

PROFESSOR  M'COY,  in  his  "British  Palseozoio  Fossils"  (18S4). 
speaks  of  transverse  diaphragms  being  present  at  the  base  or 
proximal  termination  of  the  oalycles  (bydrothecte)  of  certain  grap- 
tolites,  dividing  tbe  calycles  from  the  common  oanal  or  perisarc.  No 
further  allusion  appears  to  have  been  made  to  the  presence  of  any 
diaphragms  or  septa  until  in  1868  the  writer  mentioned  (Joum. 
Qnek.  Micros.  Club,  vol.  i.)  having  observed  "  ati  impressed  line 
between  the  hydrotbecse  and  the  periderm "  (periaarc),  which  was 
compared  with  that  "  at  the  base  of  the  hydrotbecEe  in  the  Sertnla- 
riada)."  More  recently  Professor  AUraan  (Monogr.  Tnbnlariaa 
Hydroids,  1872),  not  admitting  the  presence  of  any  septum  or  con- 
striction, has  compared  tbe  calycles  of  the  Khabdophora  to  the  neroa- 
tophores  of  tbe  Piumularidse. 

A  few  days  ago  1  examined  an  extensive  collection  of  grap* 
tolites  made  by  Mr,  W.  Kinsey  Dover  from  tbe  Skiddaw  Slates, 
amongst  which  are  a  few  specimens  from  Falcon  Crag  showing 
internal  structure,  most  clearly  seen  in  Didymograptue  nilidtu  and 
jfataiui,   and   Tetragraplut  terra.    In  several  specimens  of  these 
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Bpecies  the  thecaa  are  seen  to  be  separated  from  the  perisarc 
by  a  distiuctly-marked  septum.  The  perisaro  is,  moreover,  in 
specimens  of  all  the  three  species,  seen  to  be  jointed,  or  crossed 
by  transverse  septa,  there  being  one  septum  to  each  theoa.  The 
appearance  is  therefore  that  of  a  common  perisarc  divided  into 
chambers,  from  each  of  which  a  single  isolated  hydrotheca  is  pro- 
duced. These  appearances  are  not  confined  to  the  graptolites  of  the 
Skiddaw  Slates,  having  been  noticed  in  well-preserved  specimens 
from  the  Ludlow  Rocks,  and,  though  not  so  clearly,  in  specimens 
from  the  Lower  Silurian  Hocks  of  the  South  of  Scotland. 

I  have  been  led  to  adopt  the  following  conclusions : — that  it  is 
owing  to  the  imperfect  state  of  preservation  in  which  graptolites 
usually  occur  that  the  septa  are  not  more  frequently  seen  ;  that 
the  true  interpretation  of  the  appearances  pi'esented  is  that  the  septa, 
which  seem  to  completely  cut  off  the  hydrothecse  from  the  perisarc, 
and  the  sections  of  the  perisarc  from  each  other,  only  partially  do  so, 
as  in  the  recent  Thecaphora ;  and  that  these  specimens  show  that 
the  calycles  of  the  graptolites  are  true  hydrothecae,  and  do  not  in 
any  way  invalidate  the  conclusion  arrived  at  from  previous  investi- 
gations into  the  morphology  of  the  Khabdophora  that  they  are  the 
Palaeozoic  representatives  of  the  recent  Hydroida. 

In  Mr.  Dover's  collection  there  are  also  many  branches  of  Didymo- 
grapti  and  Tetragrapti  about  a  foot  in  length,  some  showing  no  signs 
of  termination  at  either  end. 


VI. — The  Glaoiation  of  the  Suetlands.^ 

By  David  Milne  Homb,  F.R.S.E.,  F.G.S. 

I  HAVE  read  with  interest,  the  reply  by  Messrs.  Peach  and 
Home  in  the  August  Number  of  the  Geological  Magazine,  to 
my  criticisms  on  their  theory,  that  the  glaciation  of  the  Shetlands  is 
due  to  a  mer  de  glace  from  Scandinavia. 

Will  you  kindly  allow  to  me  space  in  your  Magazine,  to  acknow- 
ledge the  courteous  terms  in  which  these  gentlemen  have  discussed  my 
criticisms,  and  to  notice,  for  the  information  of  your  readers,  the  three 
points  on  which,  as  it  appears  to  me,  the  controversy  finally  turns. 

L  I  demurred  tc  the  remarkable  statement,  that,  when  this  gigantic 
mer  de  glace  "abutted*'  on  the  Shetlands,  coming  from  the  N.E.,  it 
*' swung"  or  ** veered"  round  to  the  N.W.  and  N.N.W.,  thus  changing 
its  course  into  one  more  than  a  right  angle  to  its  previous  course. 

Tlie  explanation  of  this  phenomenon,  given  by  Messrs.  Peach  and 
Home,  was,  that  thereby  "  it  would  follow  the  path  of  least  resist- 
ance "  (p.  809). 

I  answered,  that  if  a  mass  of  ice,  alleged  to  be  6000  feet  thick 
and  200  miles  wide,  could  be  deflected  from  its  course,  by  this  small 
cluster  of  islands,  into  a  new  path,  viz.  "the  path  of  least  resistance," 
that  path  must  have  been  "  along  the  eastern  seaboard  of  the  group, 
in  a  direction  S.  by  W.,  and  not  across  the  islands  in  a  N.W. 
direction." 

*  Being  rejoinder  to  Messrs.  Peach  and  Home's  reply  to  Mr.  Milne  Homo's 
criticisnis. 
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What  18  MeBBTB.  Peacli  and  Home's  reply  ?  "  The  deflection  alonf 
the  easteru  seabonrd,  suggested  by  Mr.  Milne  Home,  is  what  we 
believe  to  have  been  the  case."  "  But  eventually  the  preBsure  of  ths 
advancing  mass  was  enffictent  to  compel  it  to  override  even  the 
highest  hills;  and  on  reaching  the  maiuland,  having  surmounted  the 
resisting  high  ground,  it  naturally  (tic)  veered  round  to  the  vfest" 
(p.  369). 

But  towards  vrhat  direction  m 
along  the  eastern  seaboard,  be  j:  ^ 

it  to  leave  the  "  path  of  least  resistance  "  it  had  taken,  e 
round  in  order  to  "  sunnonnt  the  high  ground  of  the  niainiana '  Y 

The  pressure  of  the  mighty  mass,  adviuicing  from  the  N.E.,  or 
rather  from  N.  by  E.,  along  the  easteni  aenboard,  would  relain  it  in 
that  course,  and  canae  it  to  avoid  any  traverse  of  the  islands. 

Messrs.  Peach  and  Home,  seeing  this,  call  in  the  aid  of  "Scotch 
ice  moving  in  a  N.W.  direction,  which  (they  say)  must  have  had 
a  considerable  influence  in  deflecting  the  Scandinavian  mer  di  glate 
to  the  N.W."  (p.  370). 

Where  this  Scotch  ice  came  from,  is  not  explained ; — and  of  its 
existence,  not  the  slighteet  evidence  is  given.  But  it  is  not  in  the 
least  likely,  that  any  paltry  mass  of  iee  generated  in  the  norlh  of 
Scotland  could,  by  passing  into  the  Norlh  Sea,  and  encounteiiii;^  the 
Scandinavian  monster  moving  along  the  Shetland  seaboard,  have 
power  to  turn  it,  and  force  it  into  another  course  at  right  angles 
to  its  previous  course. 

II.  Tlie  evidence  on  which  Mesars.  Peach  and  Home  seek  to  show 
that  their  mer  de  glaee  was  again  deflected,  and  made  to  cross  the 
islands  in  a  N.W.  direction,  consists  of  bouldera  and  roclc  ttriatitnit. 

1.  In  regard  to  boulders,  many  of  which  (it  was  said)  were 
"carried  from  the  lower  to  the  higher  levels  ; — indeed  carried  to  the 
highest  hills,"  in  virtue  of  "  the  westerly  movement  of  the  great  mer 
de  glace  "  (p.  804),  1  asked  :— 

(1).  Whether  "  the  effect  of  such  an  agency  wonld  not  rather  be 
to  sweep  off  from  ridge  and  hill-top  every  particle  of  mbbish,  and 
leave  no  boulders  on  them  ?  "  (p.  211). 

To  this  inquiry,  Messrs.  Peach  and  Home  reply,  "that  eome  of  the 
boulders  were  borne  forward  in  the  ground  moraine;  while  others 
became  fixed  in  the  lower  portion  of  the  icC'Sheet,  and  were  Hkewiaa 
carried  forward  by  the  advancing  mass.  As  the  ice  melted  back- 
wards, the  rocks  and  angular  d^irU  were  stranded  at  the  localities 
where  we  now  find  them,  except  where  displaced  by  lat«r  move- 
ments "  (p.  372). 

Boulders  can  no  doubt  be  "carried  forward"  by  a  mass  of  ice;  but 
if  left  by  the  ice,  when  either  "advancing"  or  "melting  backwards," 
it  would  not  be  on  ridges  or  hill-tops,  but  in  the  valleys  through  or 
over  which  the  ice  passed. 

But  the  Shetland  group  consists  of  islandi,  separated  by  sea 
sounds,  some  of  them  many  fathoms  deep  and  many  miles  wide. 
Across  these  sounds,  as  well  as  the  islands,  the  mtr  de  glace  ia  said 
to  have  passed ;  and  in  doing  so,  any  boulders  carried  by  it  most 
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have  been  left  in  the  depths  of  these  sounds,  instead  of  being 
"  carried  to  the  hills." 

(2).  Messrs.  Peach  and  Home,  in  their  original  paper,  laid  great 
stress  on  the  fact  that  all  the  boulders,  and  especially  those  on  the 
west  shores  of  the  islands,  came  from  the  eastward.  No  reference 
was  made  to  boulders  which  previous  observers  had  discovered,  and 
bad  traced  to  quarters  quite  at  vanance  with  the  alleged  course  of 
the  mer  de  glace. 

These  boulders  are  on  Papa  Stour,  Foula,  Hilswick,  and  Hoeness. 
In  no  case,  do  Messrs.  Peach  and  Home  deny  that  these  boulders 
exist,  or  dispute  that  they  came  in  the  directions  pointed  out 

Messrs.  Peach  and  Home  do  not  and  cannot  say,  that  they  could 
have  been  transported  by  their  mer  de  glace.  Their  Memoir  and 
Map  alike  forbade  such  a  suggestion.  A  different  agency  altogether, 
therefore,  must  be  thought  of  for  them. 

(3).  Then  there  is  the  distinct  record  of  observations  by  Mr. 
Peach  (senior),  which  are  equally  at  variance  with  the  mer  de  glace 
theory.  True,  Mr.  Peach  has  been  so  obliging  as  to  grant  a  letter 
stating  that  he  has  now  changed  his  opinion  as  to  the  direction  of 
the  drift  in  Unst,  in  consequence  of  havivg  since  seen  and  thought 
more  of  the  glaeiaiion  of  Scotland,  His  opinion  he  was  at  liberty  to 
change.  His  published  record  of  facts  he  cannot,  and  I  am  sure 
will  not  change ;  and  it  is  one  of  these  facts  that,  when  he  ascended 
Heog  Hill,  he  found  "  the  W.N.W.  end  vertical  and  polished  to  the 
depth  of  at  least  600  feet ;"  and  which  W.N.W.  end,  he  afterwards 
describes  as  "the  storm  side  of  the  hill,"  which  had  *' evidently 
resisted  a  portion  of  the  destroyer,  and  turned  the  greater  part  of,  on 
its  western  flank." 

These  are  facts  about  which  a  man  of  Mr.  Peach's  experience,  in- 
telligence, and  scrupulous  accuracy,  could  not  be  mistaken ;  and  these 
facts  are  also  entirely  in  discordance  with  the  Scandinavian  theory, 
and  the  statements  of  Messrs.  Peach  and  Home. 

(4).  I  hope  these  gentlemen  will  forgive  me  for  saying,  that  I  am 
amused  at  their  "  adducing  the  testimony  of  Mr.  Milne  Home  regard- 
ing Norwegian  boulders  in  Shetland," — implying  that  I  had  attested 
the  presence  of  such  boulders  there.  Messrs.  Peach  and  Home,  on 
referring  to  the  Eeport  of  the  Edinburgh  Royal  Society  Boulder 
Committee,  must  no  doubt  have  perceived,  that  the  schoolmaster  who 
wrote  to  the  Committee  about  boulders  in  Bressay,  merely  mentioned 
that  **  they  were  conjectured  to  have  come  from  Norway."  Messrs. 
Peach  and  Home  must  have  felt  rather  hard  up  for  support  to  their 
theory,  when  they  adduce  a  conjecture  by  some  unknown  Shetlander, 
as  "  the  testimony  of  Mr.  Milne  Home." 

2.  Having  now  adverted  to  the  evidence  which  boulders  afford  of 
"  the  (alleged)  movement  of  an  ice-sheet  across  the  islands  from  the 
North  Sea  to  the  Atlantic"  (p.  790),  I  next  notice  the  help  sought 
to  be  obtained  from  rock  striations, 

(1).  In  my  original  paper,  I  stated  that  I  placed  little  value  on 
stricB,  unless  they  themselves  indicated  the  direction  in  which  the 
Btriating  agent  had  moved.     Thus,  in  reference  to  N.W.  and  S.E. 


e:.>l 


Not  one  uf  the  stiiations  meii: 
aj>peared  to  liave  present c<l   tlic 
tachcd  little  vulne  to  tliein.     A< 
I  supposed  to  be  the  true  bearinjiji 
(feuior),  I  wont  on   to    say,  tba 
that  Mr.  Peach,  when  he  discove 
"storm**  side  of  Ileo*;  Ilill,  at  o 
agent  had  moved,  canyinfij  the  dri 

(2.)  Messrs.  Peach  and  Home  I 
Mr.  Peach's  magnetic  into  true  bea 
mistake.     I  admit  and  regret  it. 
W.N.W.— T  should  have  stated  th 
and  not  N.AV. 

But  the  mistake  is  wholly  imn 
regards  the  question  at  issue,  whicl 
the  Island  of  Unst  from  the  ensfwa 
Peach  and  Home,  alike  in  Map 
from  the  eastward.  Mr.  lN?ach  (se 
it  came  from  the  westward.  Me 
when  (in  their  last  ])aper)  they  s 
duced  these  markings,  must  have 
Peach  inferred  that  the  movement 

That  is  sufficient  for  my  argui 
conse(pience,  whether  tiie  movenu' 
or  N.W. ;  and  therefore  I  wj\s  les 
westerly  bearings. 

(*».)  Anothor  m*-^ -^ 
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large  defiections  may  exist  elsewhere,  and  without  these  gentlemen 
having  heen  aware  of  them. 

Before  concluding  these  remarks  on  the  subject  of  rock  striations, 
may  I  venture  to  suggest,  that  there  should  be  a  re-examination,  with 
the  view  of  ascertaining  whether  many,  or  any  of  them,  give  indica- 
tions of  the  ends  which  were  first  cut  in  the  rock.  During  the  last 
two  years,  I  have  found  many  examples,  notice  of  which  may  be 
seen  in  the  Reports  of  the  Edinburgh  Royal  Society  Boulder  Com- 
mittee. If  the  deepest  incisions  in  the  Western  Islands  of  the  Shet- 
lands are  at  the  S.E.  ends,  they  will  verify  the  views  of  Messrs. 
Peach  and  Home.  If  at  the  N.  W.  ends,  they  will  justify  the  doubts 
and  criticisms  which  I  have  presumed  to  offer. 

III.*  On  a  review  of  the  whole  evidence  which  Messrs.  Peach  and 
Home  have  adduced  in  support  of  the  Scandinavian  mer  de  glace 
theory,  I  have  only  to  say,  that  the  more  the  matter  is  discussed,  the 
more  difficult  it  appears  to  me  to  support  it 

The  idea  of  an  immense  mass  of  ice,  with  an  alleged  thickness  of 
6000  feet,  a  length  of  400  miles,  and  200  miles  in  width,  sliding 
over  the  bottom  of  the  North  Sea,  and  whenever  it  reached  the  Shet- 
lands, swinging  out  of  its  natural  course,  to  follow  a  new  path  at 
right  angles  to  its  previous  course,  seems  to  me  utterly  inconsistent 
alike  with  precedent  and  principle;  and  the  evidence  by  which 
this  phenomenon  is  sought  to  be  established,  as  might  have  been 
anticipated,  entirely  fails.  The  boulders,  instead  of  showing  trans- 
port in  accordance  with  the  supposed  march  of  this  mer  de  glace, 
show  transport  irreconcileable  with  it.  Tlie  rock  striations  founded 
on  are  also  so  discordant,  that  I  must  express  my  surprise  at  the 
assertion  of  Messrs.  Peach  and  Home  that  ^^  the  islands  have  been 
grooved  and  •*  striated  in  one  determinate  direction  "  (p.  808).  On 
the  contraiy,  it  seems  to  me  undeniable  that  the  directions  of  the 
strisd,  not  only  on  the  different  islands,  but  on  the  same  island,  and  at 
places  not  far  from  one  another,  are  most  diverse  and  contradictory ; 
some  proof  of  which  is  afforded  by  the  ingenious  but  inadmissible 
conjectures  offered  to  explain  them. 

In  short,  it  appears  to  me  that  the  circumstances  brought  out  by 
the  Memoirs  of  Messrs.  Peach  and  Home,  have  made  out  a  very 
strong  case  for  the  theory  of  floating  ice  moved  by  tides  and  winds, 
as  in  that  way  it  is  possible  to  explain  how  fragments  of  rock  were 
earned  from  one  island  to  another,  and  at  the  same  time  striations 
made  on  the  rocks  in  different  directions. 

There  are,  however,  strong  grounds  for  believing  that  at  the  time 
of  the  Boulder  transport,  a  current  prevailed  in  the  North  Atlantic 
from  the  N.W.,  and  therefore  I  am  not  surprised  that  the  striations 
of  the  rocks  on  the  western  seaboard  of  the  Shetlands  should  run  in 
a  direction  N.W.  and  S.E.,  as  Messrs.  Peach  and  Home  state. 

That  also  is  the  direction  of  the  strisB  in  the  Hebrides,  and  on  the 
coasts  of  Argyllshire  facing  the  Atlantic; — and  in  all  these  cases 
the  striating  agent  has  been  shown  to  have  come  from  the  N.W. 

In  concluding  my  review  of  these  Memoirs,  I  wish  in  all  sincerity 
to  repeat  my  regret,  should  Messrs.  Peach  and  Home  feel  annoyed 
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at  the  donbta  I  have  expressed,  and  whicli  I  still  entertain,  m  to 
tliB  ftoundneaB  of  their  BpeculationB.  In  the  interest  of  geoiogicul 
seienoe,  it  is  desirable,  when  new  and  etiti'tling  theories  are  pro- 
pounded, for  which  ptibliu  acceptance  is  claimed,  and  especially  when 
emanating  from  quurters  eutilied  to  respect,  that  some  one  abouU 
step  forward  to  weigh  the  evidence  on  which  these  theories  reit 
Though  there  are  many  others  who  would  have  discharged  thi* 
duty  much  more  satisfactorily  than  myself,  still  it  seenied  to  me  vxA 
incompatible  with  the  posilion  I  have  the  honour  to  hold  as 
President  of  tbe  Edinburgh  Geological  Society,  to  undertake  that 

VIL— 0»    BOMB     DiF 
Sl-E 

Bj  Peof.  H.  G.  Sbelev,  F.R.S.,  etc. 
(riATE   XII.) 

IX  drawing  attontiou  to  some  characters  of  tbe  Berlin  AreheopUrsx, 
it  should  be  stated  that  I  only  know  that  specimen  from  a  photo- 
graph taken  before  the  stab  was  fully  developed;  and  therefore  wbile 
1  believe  the  following  results  to  he  trustworthy  as  indicating  specific 
and  it  may  be  generic  differences,  it  is  possible  they  may  hereafter 
be  slightly  inodilied. 

As  stated  hy  Vogt,  the  Berlin  slab  is  ith  smaller  than  the  London 
slab ;  assuming  the  photograph  to  be  of  natural  size,  the  following 
measurements  may  demonstrate  the  nature  of  the  relation  between 
the  two  specimens.  The  femur  measures  in  the  Berlin  slab  4*8  centim. ; 
in  the  Loudon  slab  6  centim.,  so  that  the  London  specimen  is  ith 
longer.  Ilie  tibia  in  tbe  Berlin  slab  measures  6-B  cm. ;  in  the  London 
slab  it  is  8  cm.  Therefore  in  the  latter  the  femur  is  |ihs  the  length 
of  the  tibia ;  but  if  this  proportion  obtained  in  the  Berlin  Bpeoimen. 
the  femur  would  have  measured  6-1  cm. :  hence  the  second  apeoimaB 
is  slightly  longer- legged.  In  the  metatarsus  the  differnnoe  it  neadj 
ith,  for  the  Berlin  animal  measures  3*6  cm.,  and  the  Loudon  type 
4-4  cm.  The  digits  of  the  Berlin  specimen  measure  reepeotiTOlT 
1-5  ;  2-9  ;  3'1  cms.  ;  the  measurements  in  the  London  apeoiDun 
are  1-7  ;  8-5  ;  and  45  cms. ;  so  that  tbe  longest  digit  of  the  LondoD 
slab  is  more  that)  a  third  longer  than  the  corresponding  digit  of  tbe 
Berlin  slab.  Renoe  in  the  latter  animal  the  foot  is  relatively  ebortei 
and  the  drumstick  relatively  longer. 

In  the  fore-limb  the  Berlin  humerus  measures  5-9  om.,  the  Londnt 
humerus  7  om. ;  the  diffei'ence  is  between  a  sixth  and  a  eevenUi.  Tba 
Berlin  ulna  measures  5'1  cm.  ;  the  London  ulna  6*7  cm.  ;  the 
difference  is  a  little  less  than  a  fourth,  but  while  the  Berlin  humeral 
is  alwut  a  seventh  longer  than  the  ulna,  the  London  humerus  is  only 
about  a  twenty-third  longer  than  the  ulna.  1'his  difference  is  more 
marked  than  that  between  the  tibia  and  femur,  and  shows  that  the 
fore-arm  was  relatively  longer  in  the  Berlin  animal.  The  difference 
in  tbe  metaoaipus  is  about  one-fifth,  the  Berlin  measurement  being 
2'7  cm.,  the  London  measurement  3'4  cm.     Only  two  digits  can  be 
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compared ;  in  the  London  slab  they  measure  2*5  cm.  and  2*9  cm. ; 
in  the  Berlin  slab  1*7  and  2*8,  but  the  longest  Berlin  digit  is  4*3  cm. ; 
so  that  notwithstanding  its  smaller  size  the  Berlin  animal  appears  to 
have  had  digits  as  long  as  the  London  specimen.  The  Berlin  scapula 
measures  4  cm.  and  may  be  imperfect  ;  the  London  scapula  is 
4*2  cm.  The  London  ilium  is  4*3  cm.  long,  in  the  Berlin  slab  it 
does  not  appear  to  exceed  3  cm.  The  ribs  appear  to  be  longer  in  the 
Berlin  slab,  some  measuring  4*8  cm.,  while  the  longest  in  the  London 
slab  is  3*7  cm. 

The  Berlin  tail  measures  16*5  cm.,  and  appears  to  include  21 
vertebrsB ;  the  London  tail  measures  20*8  cm.,  and  appears  to  include 
23  vertebras,  of  which  the  first  9  have  transverse  processes.  The 
London  animal  probably  had  5  sacral  and  8  dorsal  vertebrse,  with  a 
length  of  8*5  cm.,  though  nimiber  and  length  are  uncertain.  In  the 
Berlin  animal  the  length  of  this  region  is  8*5  cm.  Yogt  counts  10 
in  the  back.  The  neck  is  imperfect  in  the  London  slab,  the  vertebrsd 
lie  in  curve,  five  at  least  are  preserved  ;  a  centrum  measures  1  cm. 
In  the  Berlin  slab  the  neck  measures  about  6*8  cm.  Yogt  estimates 
8  vertebrae,  but  there  are  probably  more.  The  head  of  the  London 
animal  as  preserved  measures  4  cm.  in  length ;  the  Berlin  head  to 
the  occipital  articulation  is  4*7  cm.,  and  to  the  limit  of  the  occipital 
crest  about  6*1  cm.  These  differences  are  supported  by  details  in  the 
forms  of  the  bones,  which  also  prove  the  species  to  be  distinct 

2TOTIOES      OIF      ]^S3^0ISS. 

I. — British  Association   fob  the  Advancement  of  Science, 
Fifty-First  Meeting,  31st  August,  1881. 

[Sir  John  Lubbock,  Bart.,  M.P.,  D.C.L.,  LL.D.,  F.R.S.,  etc.,  President,'] 

1. — Titles  of  Papers  Head  in  Section  C.  (Geology). 

PreMtdent :  Professor  A.  C.  Ramsat,  LL.D.,  F.R.S.,  etc. 

Address  by  the  President     (See  p.  459.) 

Frof.  E,  Htdl,  LLD,,  F.B,S, — On  the  Laurentian  Beds  of  Donegal 
and  of  other  parts  of  Ireland. 

G,  IT.  Kinahan,  M,B,LA. — On  the  Laurentian  Rocks  of  Ireland.* 

C,  Moore,  F.G.S. — Life  in  Irish  and  other  Laurentian  Rocks. 

A,  B,  Hunt,  M.A,,  F.O.S, — On  the  Occurrence  of  Granite  in  situ 
about  20  miles  S.W.  of  the  Eddystone. 

Professor  J,  Presttoichj  M.A,,  F.B,S, — Some   observations  on  the 
causes  of  Volcanic  Action. 

Professor  W,  J,  SoUaSy  M,A,,  F,O.S, — The  connexion  between  the 
Intrusion  of  Volcanic  Rocks  and  Volcanic  Eruptions. 

Baldwin  Latham,  M,  Inst,  C,E,,  F,G,S, — On  the  Influence  of  Baro- 
metric Pressure  on  the  Discharge  of  Water  from  Springs. 

J.  E,  Clark,  B,Sc, — Glacial  Sections  at  York. 

G,  W,  Lamplugh, — On  the  Bridlington  and  Dimlington  Glacial  Shell 
Bed. 

J,  B.  Mortimer. — On  Sections  of  the  Drift  obtained  by  the  new 
drainage  works  of  DrifQeld. 

^  See  Gbol.  Maq.  Sept.  p.  427. 
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A.  6.    CamfTon. — On   Subsidences   over   the    Permian    Limestoim 

between  Hartlepool  aad  Kipon. 
J.  D.  Kendoll.~~Tho  GIbpihI  Deposits  of  West  Cumberlanil. 
I'roffttor  U.  G.  Seeley.  F.aS.— Ou  Simotaurv^  p»sUl\t»  (Frawi).  «ni! 

tbe  evolutiou  of  Plesiossurus. 
ProfiSfOT  H.  G.  Seeley,  RB.S.^Oa  a  restoration  of  jlre7«E(ipi«rji, 

with  remarks  on  differenoea  between  tbe  two  Bpucimetia.     (Sm 

p.  454.) 
Tro/eMor  P.  M.  Duncan,  f.R.S. — On  Asterotmilla.  Tteadi,  a  new  Species 

of  Conil  from  the  Olif^oceae  of  Brockenliurst. 
ProfeatOT  J.  Preetmeh,  M.A..  F.RS. — On  the  atrntn  between  the 

Chilleflford  Beds  and  tbe  Lower  Boulder  Clay— 'The  Mundeslej 

and  Westleton  Beds." 
Professor  J.  Preitwieh.  M.A.,  F.R.S.—Qa  tbe  Eslension  into  Essei, 

Midilleses,  mid  otber  inland  countiett  of  tbe  Mundeslej-  and 

Waetleton  Beds,  in  relation  to  tbe  Age  of  certain  Hill  Gravels, 

and  of  some  of  tbe  Vftlleys  of  the  South  of  England.  (See  p.  4615.) 
S.  B.  Pottlton,  M.A. — A  Preliminary  Report  of  the  working  (now  in 

progress)  of  Dowkerbottom  Cavo,  in  Craven, 
C.  E.  Ve  Ranee. — Heport  on  the  Circulation  of  Underground  Waters. 
W.  H.  .2rii7y.— Report  on  the  Tertiary  Flora  of  tbe  Basalt  of  tlu 

North  of  Ireland. 

B.  ffeiiered.~On  tbe  Formation  of  Coal.     (See  p.  4G9.) 
Profettor  W.    C.  Williamam,  F.A.S.— Preliminaty  Remarks  oa  the 

MicroBoopio  Structure  of  Coal. 
W.  Ca»h. — Some  Remarks  on  the  Halifax  Herd  Seam. 
Jnt.  Spencer. — Researches  in  Fossil  Botany. 
Jat.  Spencer. — Notes  on  Astromgelon  and  its  root. 
W.  A.  E.  Usiher. — On  tbe  Palwozoic  Kocka  of  Nortli  Devon  and 

West  Somerset.     (See  p.  441.) 
Pro/esaor  E.  Hull.  F.R.S.—The  De  von  o- Si  In  nan  Formation. 
Bev.  E.  Hill,  M.A. — On  Evaporation  and  Kcoentrioity  as  Cofactors  in 

tbe  causes  of  Glacial  Periods. 
A.  Slrahan.—Ou  the  Discovery  of  Coal-measures  under  New  Red 

Sandstone,  and  on  tbe  BOrcalled  Permian  Rocks  of  St.  Helen's, 

Lancashire.     (See  p.  433.) 
E.  B.  Tauney,  M.A.— On  the  Upper  Bagsbot  Sands  of  Hordwell 

Cliffs,  HampBhire. 
Bev.  B.  W.  Oroiifcej.— Report  on   the  Erratic  Blocks  of  England, 

Wales,  and  Ireland. 
G.  R.  Fine.— Report  on  Fossil  Poljzoa.      (See  p.  471.) 
J.  R.  Doiyna,  Jlf.  J.— On  ■'  Flots." 
P.  U.  Carpenter,  M.A. — Remarks  on  the  Structure  and  Classification 

of  the  Blastoidea.     (See  p.  464.) 
P.  H.  Carpeitler,  M.A. — On  the  Characters  of  the  Lansdowne  Encri- 

nite,  Mitlericrinna  PrattU,  Gray.     (See  p.  466.) 
A.  Slrahan,  Jd.A. — On  tbe  Lower  Keuper  Sandstone  of  Clieshire.' 
E.  Wihon.~On  a  Discovery  of  Fossil  Fishes  in  the  New  Red  Sand- 
stone of  Nottingham. 

■  Sea  Gbol.  Mao.  September,  p.  396. 
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E.  Wihon. — On  the  Kfasdtios  of  Nottinghamshire.     (See  p.  464.) 
W,  T.  Blanford,  Z5.S.— The  Great  Plain  of  Northern  Ihdia  not  an 

Old  Sea  Basin. 
W,  King,  B.A. — On  Gold  in  Southern  India,  and  the  Quartz  Outcrops. 

B.  BuMselL — On  the  Geology  of  the  Island  of  Cyprus. 

Pro/e»8or  E.  Hull,  LL.D.,  F.B,S. — Observations  on  the  two  types  of 
Cambrian  Beds  in  the  British  Isles  (the  Caledonian  and  the 
Hibemo-Cambrian),  and  the  conditiona  under  which  they  were 
respectively  deposited. 

Professor  T.  McK,  Hughes,  M,A,  —  On  the  Lower  Cambrian  of 
Anglesea. 

Professor  T.  McK,  Hughes,  M,A. — On  the  Gnarled  Series  of  Holy- 
head and  Amlwch  in  Anglesea. 

Professor  W.  J.  Sollas,  JLA, — The  Subject-matter  of  Geology  and 
its  Classification. 

J.  W.  Davis. — An  Account  of  the  Exploration  of  the  Raygill  Fissure 
in  Lothersdale,  Yorkshire. 

J,  W.  Davis, — On  Diodontopsodus,  a  new  genus  of  Fossil  Fishes 
from  the  Mountain  Limestone  of  Yorkshire. 

J,  W,  Davis, — On  the  Zoological  Position  of  the  genus  Petalorhynchus, 
Agass.,  Fossil  Fishes  from  the  Mountain  Limestone. 

Professor  John  Milne, — Report  on  the  Earthquakes  of  Japan. 

Professor  John  Milne  and  Thomas  Qray,  B.Sc. — A  Contribution  to 
Seismology. 

Professor  A,  S.  Herschel,  M,A.,  and  Professor  0.  A.  Lebour,  M.A, — 
Report  on  the  Thermal  Conductivities  of  certain  Rocks,  showing 
especially  the  Geological  Aspects  of  the  Investigation.  (Read 
also  before  Section  A.) 

TF.  Topley, — On  an  International  Scheme  of  Colours  for  Geological 
Maps. 

J.  A,  Phillips,  F.B.S. — The  Origin  of  Desert  Sandstone. 

W,  Keeping,  M,A, — On  the  Glacial  Geology  of  Central  Wales. 

J.  Hopkinson, — On  some  points  in  the  Morphology  of  the  Bhahdo- 
phora,  or  true  Graptolites.     (See  p.  448.) 

H.  Slopes. — On  some  Ores  and  Minerals  from  Laurium,  Greece. 

C,  E,  De  Bance, — Notes  on  the  Cheshire  Salt  Field. 

J.  E.  Marr, — On  some  Sections  in  the  Lower  Palssozoic  Rocks  in  the 
Craven  District. 

2. — Titles  op  Papers,  Bearing  upon  Geology,  read  in   other 

Sections. 

Section  A. — Physical  Science. 

Dr,  S.  Haughton. — On  the  EfTects  of  Gulf  Streams  upon  Climates. 

Professor  Schuster. — Report  of  Committee  on  Meteoric  Dust. 

J.  N.  Shoolbred.  —Report  of  Committee  on  Tidal  Observations  in  the 
English  Channel  and  the  North  Sea. 

Professor  Everett. — Report  of  Committee  on  Underground  Tempera- 
ture. 

r.  Fairley. — On  the  Blowing  Wells  at  Northallerton.  (Read  also 
before  Section  B.) 
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Sir    Win.    Thomson. — On  the  Tberniodynainio  Aoceleration  of  tli» 
KurLh'B  UotuLioQ. 

Skctios  B. — Chemical  Science. 

J.  Lowthian  Bell,  F.R.S.—Oti  the  Ocolusion  of  GiiseouB  Matter  by 

FuHed  Silicates  at  high  temperaturea,  and  its  possible  coDDexion 

with  Volcanic  Agencies. 
W.  Lant  Carpenter,  B.A.,  B.Se.—On  the  Siliceous  and  otiier  Hut 

Springs  in  the  Volcanic  Districts  of  the  North  Island  of  New 

Zi^utand. 
y.  B.  VeUy,  B.J.— The  Oxiiles  of  Manganese. 
J.  Y.  Buchanan. — On  Manganese  Nodules  and  their  Occirrence  on 

the  Sea  Bottom. 
E.  Divers,  M.D. — Note  on  the  Sodium  Alnm  of  Japan. 
E.  Divers,  M.D. — Note  on  the  Occurrenoe  of  Selenium  and  Tellarium 

E.  Dicers,  M.D. — Note  on  the  Chrome  Iron  Ore  of  Japan. 

J.  A.  Wanklyn. — Note  on  the  Phosphates  of  Lime  and  Ammonia. 

W.  Gallowny.— On  Colliery  Explosions.  h 

C.  F.  Cross.  B.Sc.,  and  E.  J.  BeuaB.— Cellulose  and  Coal.  S 

J.  L.  PJiipaon.~Oa  the  New  Metni  Actinium.  ^ 

SbOTION   D. — BlOLOQY. 

B.  J.  Usther.—B.opi}Tt  on  the  Caves  and  Kitchen -middens  at  Cap- 

pagh,  Co.  Waterford. 
Professor  0.  C.  Marsh. — Jurassio  Birds  and  their  Allies. 
Oeaeral  Pitt-Rivers,  F.R.S.—On  the  Discovery  of  Flint  Implementi 

in  Stratified  Gravel  in  the  Valley  of  the  Nile,  near  Thebes. 
Thomas  Hteta  and  W.  Cath.—Oa  a  Fossil  Stem  from  the  Halifax 

Coat -measures. 
H.  Slopes. — Traoes  of  Man  in  the  Crag. 
Professor  T.  MeK.  Hughes  and  A.  WiHiams  Wynn.—Oa  the  Age  of 

the  Deposits  in  tbe  Caves  of  Cefn,  near  St.  Asaph,  with  special 

reference  to  the  date  of  Man's  First  Appearance  in  them. 
Senrg  Seaton  Sarland. — On  Frsbistotic  Flints,  eto.,  lately  found 

whilst  excavating  on  the  New  Line  of  Bailway  from  Fiokeiing 

to  Scarborough. 

Sbotioh  E. — Qeoobapht. 

W.  Lant  CarpenUr,  B.A.,  £.Sc.—Oa  the  Hot-Lake  Distriot,  and  the 

Glaciers  and  Fjords  of  New  Zealand. 
Commander  V.  L.  Cameron,  R.N. — Recent  Visit  to  the  Gh>ld  Mines 

of  tbe  West  Coast  of  Africa. 

Sbotion  G. — Megh*nioal  Science. 
Joseph  Lncas. — On  an  Organization  for  the  Systematic  Ganging  of 
tbe  Wella,  Springs,  and  Rivers  of  Great  Britain. 
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II. — ^British  Association  foe  the  Adyanoement  op  Science. 
Jubilee  Meeting,  York.  Address  to  the  Geological  Section 
by  the  President,  A.  C.  Ramsay,  LL.D.,  F.R.S.,  etc.,  Director- 
General  of  the  Geolgical  Survey,  September  Ist,  1881. 

On  the  Origin,  Progress,  and  Present  State  of  British  Oeologt, 
especially  since  the  first  mseting  of  the  british  associa- 
TION AT  York  in  1831. 

JN  the  year  1788,  Hutton  published  his  first  sketch  of  his  "  Theory 
of  the  Earth,"  afterwards  extended  and  explained  by  Play  fair 
in  a  manner  more  popular  and  perspicuous  than  is  done  in  Button's 
own  writings.  In  this  grand  work,  Hutton  clearly  explains  that  the 
oldest  known  strata,  like  their  successors,  are  derivative,  and  that  as 
far  as  observation  can  discover,  in  all  geological  time,  ''  we  find  no 
vestige  of  a  beginning,  and  no  sign  of  an  end."  The  complement 
to  this  far-seeing  observation  was  at  length  brought  about  by  William 
Smith,  in  his  original  **  Geological  Map  of  the  Strata  of  England  and 
Wales "  in  1816,  followed,  in  1816,  by  his  "  Strata  Identified  by 
Organized  Fossils."  This  great  discovery,  for  such  it  was,  threw  a 
new  light  on  the  history  of  the  earth,  proving  what  had  before  been 
unknown,  that  all  the  "  Secondary"  formations  at  least,  from  the  Lias 
to  the  Chalk  inclusive,  contained  each  a  set  of  distinctive  fossils  by 
which  it  could  be  recognized.  A  law  was  thus  provided  for  the 
identification  of  formations  which  geographically  are  often  widely 
separated  from  each  other,  not  only  in  England  in  the  case  of  minor 
outliers,  but  also  easily  applicable  to  great  areas  on  the  neighbouring 
continent  of  Europe. 

In  1811,  the  first  volume  of  the  "Transactions"  of  the  Geological 
Society  was  published,  and  in  1826-27,  there  appeared  the  first 
volume  of  the  "  Proceedings,"  the  object  being  to  communicate  to 
the  Fellows  as  promptly  as  possible  the  proceedings  of  the  Society 
'*  during  the  intervals  between  the  appearance  of  the  several  parts  of 
the  Transactions."  The  last  volume  of  the  "  Transactions  "  contains 
memoirs  read  between  the  years  1845-1856,  and  only  four  volumes 
of  the  "  Proceedings  "  appeared  between  the  years  1826  and  1845 
inclusive,  after  which  the  title  of  the  annual  volume  was  changed  to 
that  of  the  **  Quarterly  Journal  of  the  Geological  Society."  The 
Geological  Society,  to  which  the  science  owes  so  much,  weus  therefore 
in  full  action  when  the  British  Association  was  founded  in  1831,  and 
the  memoirs  read  before  the  Society  from  1831  to  this  date  may  be 
said  to  show  generally  the  state  of  British  geology  during  the  last 
fifty  years.  To  this  must  be  added  the  powerful  influence  of  the 
first  (1830)  and  later  editions  of  LyelFs  "Principles  of  Geology,"  a 
work  which  helped  to  lay  the  foundations  of  those  researches  in 
Physical  Geology  which  both  in  earlier  and  later  years  have  attracted 
so  much  attention. 

Fifty  years  ago  in  this  city.  Viscount  Milton  was  President  of  the 
first  meeting  of  "  The  British  Association  for  the  Advancement  of 
Science,"  which  he  explained  had  for  its  chief  object  "to  give  a 
stronger  impulse  and  more  systematic  direction  to  scientific  inquiry." 
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In  liis  adilrese,  he  pointe<l  out  tbe  numberB  of  PhJlosophicAl  Sometiet 
wliiuli  by  degrees  sprung  up  in  all  parts  of  the  kingdom  ;  and  tba 
practioability,  through  the  means  of  the  Association,  "  inclndiiiji;  tiU 
llie  Bciontific  strength  of  Great  Britain,"  "  to  poiut  out  the  liuea  ia 
which  the  direction  of  science  should  move." 

In  that  year,  183T,  Professor  Sedgwick  was  president  of  the 
Geologicftl  Society,  and  the  Geological  and  Geographical  Commillee 
of  the  British  Aesociation  recommended  that  geologists  should 
examine  the  truth  of  that  part  of  the  theory  of  Elie  de  Beaumont, 
iu  ita  appliuation  to  England,  Scotland,  and  Ireland,  which  asserts 
that  the  lines  of  diiturbanee  of  the  strata  atiignabie  to  the  tame  agt 
are  parallel ;  that  ProfeBSor  Pblllips  be  requested  to  draw  up  a 
g>ielematio  cataU>gue  of  all  the  organized  fonils  of  Qreat  Britain  and 
Ireland;  and  that  Mr,  Bobert  StavensoD,  Civil  Engineer,  be  re- 
quested to  prepare  a  report  upon  the  uaete  and  exiention  of  the  laud 
on  the  ea»l  coast  of  Britain,  and  ike  question  of  Ike  permanence  of  tht 
relative  level  of  the  sea  and  land. 

In  1881  it  seems  strange  to  na  that,  in  1831,  with  William  Smith's 
map  of  "The  Strata  of  England  and  Walea,  with  part  Scotland," 
liefore  them,  it  should  have  been  oousidered  necessary  to  institute  ao 
inquiry  as  lo  the  truth  of  the  general  pitrallelism  of  disturbed  strata, 
which,  in  a  limited  area  litce  England,  had  suffered  upheaTal  at 
difTereut  Bnccessive  epochs ;  and  we  may  &noy  the  intemiil  smile 
with  which  Phillips,  the  nephew  of  Smith,  regarded  the  needleM 
proposal.  The  masterpieoe  of  the  old  laud  surveyor  and  (nvil 
engineer  remaioB  to  this  day  the  foundation  of  all  subsequent  geo- 
logical maps  of  England  and  Wales ;  and  as  an  vnaid»I  effort  of 
practical  jeni'us— for  such  it  was — it  seems  impossible  that  it  should 
be.  surpassed,  in  spite  of  all  the  accuracy  and  detail  which  happily 
modem  science  has  iutroduoed  into  modern  geological  maps. 

The  first  paper  read  at  York,  in  the  year  1891,  was  by  Professor 
Sedgwick,  "  On  the  general  structure  of  the  Monntains  of  the  North 
of  England."  This  was  followed  by  "  Supplementary  Observations 
on  the  Structure  of  the  Austrian  and  Bavarian  Alps,"  by  the  Secre- 
tary of  the  Society,  Mr.  Murchison,  a  memoir  at  that  time  of  the 
highest  value,  and  still  valuable,  both  in  a  stratigraphical  point  of 
view,  and  also  for  the  light  which  it  threw  on  tbe  nature  of  the  dis- 
turbances that  originated  the  Alpine  mountains,  and  their  relations 
in  point  of  date  to  the  far  more  ancient  mountains  of  Bohemia.  In 
his  elaborate  address  in  the  same  year,  on  his  retiring  from  the 
President's  chair,  he  largely  expatiates  on  the  paralletism  of  many  of 
the  great  lines  of  disturbance  of  what  were  then  distinguished  as 
the  more  ancient  ickistoH  and  grei/taaclci  mountains,  and  quotes  tbe 
authority  of  Elie  de  Beaumont  for  the  statement,  "  that  mountain 
chains  elevated  at  the  same  period  of  time,  have  a  general  parallelism 
in  the  bearing  of  their  component  strata."  On  a  great  scale  this 
undoubtedly  holds  true,  as,  for  example,  in  the  oase  of  tbe  Scandi- 
navian chain,  and  the  more  ancient  Palaeozoic  rocks  north  of  Scotland, 
Cumberland,  and  even  of  great  part  of  Wales.  The  same  holds 
good  with  regard  to  tiie  parallelism  of  the  much  more  reoent 
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iDonntain  ranges  of  the  Apennines,  the  Alps,  the  Caucasus,  the  Atlas, 
and  the  HimaJaya,  all  of  which  strike  more  or  less  east  and  west, 
and  are  to  a  great  extent  of  Post- Eocene,  and  even  partly  of  Post- 
Miocene  age.  The  same,  however,  is  not  precisely  the  case  with  Uie 
Appalachian  chain,  and  the  Bocky  Mountains  of  North  America,  the 
first  of  which  trends  N.N.W.,  and  the  latter  N.N.E.  The  remark- 
able chain  of  the  Ural  Mountains  trends  nearly  true  north  and  south, 
and  is  parallel  to  no  other  chain  that  I  know  of,  unless  it  be  the 
Andes  and  the  mountains  of  Japan.  It  is  worthy  of  notice  that  the 
chain  of  the  Ural  is  of  Pre-Permian  age  according  to  Murchison, 
while  Darwin  has  shown  that  the  chief  upheaval  of  the  Andes  took 
place  in  Post-Cretaceous  times. 

The  Appalachian  chain  is  chiefly  of  Post-Carboniferous  date,  and 
the  Kocky  Mountains  have  been  re-disturbed  and  re -elevated  as  late 
as  Post-Miocene  times. 

In  the  same  address  Professor  Sedgwick  entered  an  eloquent 
protest  against  the  broad  uniformitarian  views  so  powerfully  advo> 
cated  in  the  first  edition  of  Lyell*s  '* Principles  of  Geology"  in  1830, 
in  which,  throwing  aside  all  discussion  concerning  cosmogony,  he 
took  the  world  as  he  found  it,  and,  agreeing  with  Hutton,  that 
geology  is  in  no  way  concerned  with,  and  not  sufficiently  advanced 
to  deal  **  with  questions  as  to  the  origin  of  things,"  he  saw  that  a 
great  body  of  new  data  were  required  such  as  engaged  the  attention 
of  the  Geological  Society  (founded  in  1807),  and  which  along  with 
other  foreign  societies  and  private  work  has  at  length  brought 
geological  science  to  its  present  high  position. 

And  what  is  that  position?  With  great  and  consistent  labour 
many  men  gifted  with  a  knowledge  of  stratigraphical  and  palseonto- 
logicpl  geology,  have,  so  to  speak,  more  or  less  dissected  all  the 
regions  of  Europe  and  great  part  of  North  America,  India,  and  of 
our  colonies,  and  in  vast  areas,  sometimes  nearly  adjoining,  and 
sometimes  far  distant  from  each  other,  the  various  formations,  by 
help  of  the  fossils  they  contain,  have  been  correlated  in  time,  often 
in  spite  of  great  differences  in  their  lithological  characters.  It  is 
easy,  for  example,  to  correlate  the  various  formations  in  countries 
so  near  as  Great  Britain  and  Ireland,  or  of  the  Secondary  and 
Lower  Tertiary  formations  of  England  and  France ;  and  what  is 
more  remarkable,  it  is  eas}^  to  correlate  the  Palaeozoic  formations  of 
Britain  and  the  eastern  half  of  the  United  States  and  Canada,  even 
in  many  of  the  comparatively  minute  stratigraphical  and  lithological 
subdivisions  of  the  Silurian,  Devonian,  and  Carboniferous  forma- 
tions. The  same  may  be  said  with  regard  to  some  of  the  PalsBozoic 
formations  of  India,  China,  Africa,  and  Australia,  and  many  of  the 
Secondary  and  Tertiary  deposits  have  in  like  manner  been  identified 
as  having  their  equivalents  in  Europe.  It  is  not  to  be  inferred 
from  these  coincidences  that  such  deposits  were  all  formed  precisely 
at  the  same  time,  but  taken  in  connection  with  their  palsBontological 
contents,  viewed  in  the  light  which  Darwin  has  shown  with  regard 
to  the  life  of  the  globe  when  considered  in  their  relation  to  masses 
of  stratified  formations,  no  modern  geologist  who  gives  his  mind  to 
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sucli  subjecU  would  be  likely  to  state,  for  example,  that  in  an^  part 
of  the  globe  Silurian  rocks  may  be  equivalents  in  time  to  any  of  our 
Upper  Palfeozoic,  MeBozoio,  or  Tertiary  formationti. 

For  all  the  lateet  details  of  genera  and  epfwiea  found  in  the  Britisli 
Faljeozoio  rocks,  from  tliose  of  St.  Davids,  8o  w*iU  worked  out  by 
Dr.  Hicks,  to  the  Carbon iferoiifi  seriee  inclusive,  I  must  refer  to  liie 
elaborate  addreaa  of  Mr.  Etheridge,  President  of  the  Geological 
Society,  which  be  delivered  at  the  last  anniversary  meeting  of  that 
Society.  It  is  a  work  of  enormous  labour  and  skill,  which  could 
not  have  been  produced  by  any  one  who  had  not  a  thorough  personal 
knowledge  of  all  tbe  formations  of  liritain  and  of  their  fossil  contenls.' 

In  connection  with  such  subjects  I  will  not  in  any  way  deal  witb 
the  templing  and  important  subject  of  coamological  geology,  wbicb 
in  my  opinion  must  go  back  to  limes  far  anterior  to  the  dat«  of  the 
deposition,  as  common  sediments,  of  the  very  oldest  known  mela- 
morphio  strata.  Cosmologicnl  speculations  perhaps  may  be  sound 
enough  with  regard  to  refrigeration,  and  the  first  consolidation  of 
the  crust  of  the  earth,  but  all  the  known  tangible  rocky  formationa 
in  tbe  world  have  no  immediate  relation  to  them,  and  in  nty  opinion 
tbe  oldest  Laurentian  rocks  were  deposited  long  after  the  beginning 
and  end  of  lost  and  unknown  epochs,  during  which  stratified  nx:ks 
were  formed  by  watery  agents  in  the  same  way  that  the  Laurentian 
rocks  were  deposited,  and  io  which  modem  formations  are  being 
deposited  now,  and  the  gneiseose  structure  of  the  most  ancient 
formations  was  the  result  of  an  action  which  has  at  intervHla 
oharacterized  all  geological  tjme  as  late  as  the  Eocene  formations  in 
tbe  Alps  and  elsewhere. 

The  same  kind  of  chronological  reasoning  is  often  applicable  to 
igneous  rooks.  It  was  generally  the  custom,  many  years  ago,  tn 
recognize  two  kinds  of  igneous  rocks,  viz.  Toloanic  and  Plutonic,  and 
this  classification  somewhat  modified  in  details  is  still  applicable, 
tbe  Plutonic  consisting  chiefly  of  granitic  rocks  and  their  allies,  and 
which,  though  they  have  olten  altered  and  thrust  veins  into  the 
adjoining  strata,  have  never,  as  far  as  I  know,  overflowed  in  the 
manner  of  the  lavas  of  modem  and  ancient  volcanoes.  Indeed,  as 
far  as  I  recollect,  tbe  first  quoted  examples  of  ancient  volcanoes 
are  those  of  Miocene  age  in  tbe  districts  of  Auvergne,  the  Velais,  and 
the  Eifel,  and  the  fact  that  signs  of  ordinary  volcanic  phenomena 
are  found  in  almost  alt  the  larger  groups  of  strata  was  scarcely 
suspected.  Now,  however,  we  know  them  to  he  associated  with 
strata  of  all  or  almost  all  geological  ages,  from  Lower  Silurian 
times  down  to  the  present  day,  if  we  take  the  whole  world  into 
account  Amongst  them,  those  of  Miocene  date  hold  a  very  promi- 
nent place,  greaUy  owing,  doubtless,  to  the  comparative  perfection 
of  their  forms,  as,  for  example,  those  of  the  South  of  France  and  of 
the  Eifel.  Their  conical  shapes,  and  numerous  extinot  craters, 
ofibrd  testimony  so  plain,  that  he  who  runs  may  read  their  history. 

'  I  most  also,  witb  mach  pleaaore,  adTert  \a  Prof.  Prestvich'a  inaiignTBl  lectnn 
when  iDstalled  in  the  Chair  of  Geologj  at  Oxford  in  1S76,  the  labiect  of  which  >> 
"  The  Faat  and  Future  of  Qeology." 
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The  time  when  they  beoame  extinofc  would  doubtless  amaze  us  by 
its  magnitude,  if  it  could  be  stated  in  years,  but  yet  it  is  compara- 
tively so  recent  that  not  all  the  undying  forces  of  atmospheric 
d^radation  have  been  able  to  obliterate  their  individual  origin. 

It  is,  however,  generally  very  different  with  respect  to  volcanoes 
of  Mesozoio  age,  for,  though  Lyell  stated  with  doubt,  that  volcanic 
products  of  Jurassic  date  are  found  in  the  Morea,  and  in  the 
Apennines;  and  Medlicott  and  Blanford  consider  that  probably 
the  igneous  rocks  of  Rajmahal  may  be  of  that  age,  we  must,  perhaps, 
wait  for  further  information  before  the  question  may  be  considered 
as  finally  settled.  Of  Jurassic  age  no  actual  craters  remain.  Darwin 
also  has  stated,  on  good  grounds,  that  in  the  Andes  a  line  of  volcanic 
eruptions  has  been  at  work  from  before  the  deposition  of  the 
Cretaceo-Oolitic  formation  down  to  the  present  day. 

In  the  British  Islands  we  have  a  remarkable  series  of  true  volcanic 
rocks,  the  chronology  of  which  has  been  definitely  determined.  The 
oldest  of  these  belongs  to  the  Lower  Silurian  epoch,  as  shown,  for 
example,  on  a  large  scale  in  Pembrokeshire,  at  Builth  in  Kadnor- 
shire,  in  the  Longmynd  country  west  of  the  Stiper  stones  in 
Shropshire,  and  on  a  far  greater  scale  in  North  Wales  and  Cumbria. 
Of  later  date  we  find  volcanic  lavas  and  ashes  in  the  Devonian 
rocks  of  Devon,  and  in  the  Old  Bed  Sandstone  of  Scotland.  The 
third  series  is  plentiful  among  the  Carboniferous  rocks  of  Scotland, 
and  in  a  smaller  way  interstratified  with  the  Coal-measures  of  South 
Staffordshire,  Warwickshire,  and  the  Clee  Hills.  The  fourth  series 
chronologically  is  associated  with  the  Permian  strata  in  Scotland, 
and  the  fifth  and  last  consists  of  the  Miocene  basaltic  rocks  of  the 
Inner  Hebrides  and  the  mainland  of  the  West  of  Scotland. 

In  the  British  Islands  the  art  of  geological  surveying  has,  I 
believe,  been  carried  out  in  a  more  detaile4  manner  than  in  any  other 
country  in  Europe,  a  matter  which  has  been  rendered  comparatively 
easy  by  the  excellence  of  the  Ordnance  Survey  Maps  both  on  the 
1-inch  and  the  6-inch  scales.  When  the  whole  country  has  been 
mapped  geologically,  little  will  remain  to  be  done  in  geological 
surveying,  excepting  corrections  here  and  there,  especially  in  the 
earliest  published  maps  of  the  South-west  of  England.  Palsdonto- 
logical  detail  may,  however,  be  carried  on  to  any  extent,  and  much 
remains  to  be  done  in  microscopic  petrology  which  now  deservedly 
occupies  the  attention  of  many  skilled  observers. 

Time  will  not  permit  me  to  do  more  than  advert  to  the  excellent 
and  well-known  geological  surveys  now  in  action  in  India,  Canada, 
the  United  States,  Australia,  New  Zealand,  and  South  Africa. 

On  the  Continent  of  Europe  there  are  National  Greological  Surveys 
of  great  and  well-deserved  repute,  conducted  by  men  of  the  highest 
eminence  in  geological  science ;  and  it  is  to  be  hoped  the  day  may 
come  when  a  more  detailed  survey  will  follow  the  admirable  map 
executed  by  Sir  Roderick  Murchison,  De  Vemeuil,  and  Count  Key- 
serling,  and  published  in  their  joint  work,  "  The  Geology  of  Eussia 
in  Europe  and  the  Ural  Mountains." 

It  is  difficult  to  deal  with  the  Future  of  Qeology.    Probably  in 
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many  of  the  European  formatiotiii,  more  may  be  done  in  tracing  the 
details  of  subfomiations.  Tlie  same  may  be  Baid  of  much  of  Nonh 
America,  and  for  a  long  Beries  of  years  a  great  deal  must  remain 
almost  untouched  in  Asia,  Africa,  South  America,  and  in  the  islaoiii 
of  the  Pacific  Ocean.  If.  in  the  far  future,  the  day  ahould  coii:ii> 
when  such  work  shall  he  undertaken,  the  procesa  of  doing  no  muet 
iieceKsarily  be  slow,  ]iartly  for  want  of  proper  mnpe,  and  pOKsibly 
in  eoine  regions  partly  for  the  want  of  trained  geologists.  Palteon- 
tologists  muflt  always  have  ample  work  in  the  discoTery  and  descrip- 
tion of  new  fossils,  marine,  freshwater,  and  truly  torrestrrnl ;  and 
besides  common  stratigrnphical  geology,  geologists  have  etill  an 
ample  field  before  them  in  working  out  many  of  those  physical 
prohlems  which  form  the  true  baaia  of  Physical  Gec^raphj  in  everj 
region  of  the  earth.  Of  the  history  of  the  earth  there  is  a  long  past, 
the  early  chapters  of  which  seem  to  he  lost  for  ever,  and  we  know 
little  of  the  future  except  tliat  it  appears  that  "  the  stir  of  this  dim 
spot  which  men  call  earth,"  as  far  as  Geology  is  concerned,  shows 
"  no  sign  of  au  end." 

III.— Os  THE  En-KTiCB  OF  Notts.     By  E.  Wilson,  F.G.S. 

THE  author  giive  a  siiuimnrizei!  account  of  the  lIliiBtic  senes  in 
Nottinghamshire.  The  Bh»tio  sections  of  this  district  already 
known  to  geologists  oomprise  those  at  Gainshoro',  Newark,  and 
Elton.  The  author  described  several  additional  new  sections  in 
the  BheeticB  of  the  county — viz.  at  Cotham  and  Kilvington,  between 
Newark  and  Bottesford ;  at  Barastone,  between  Bingfaam  and 
Stahem  ;  the  boring  for  coal  at  Owtborpe,  near  Colston  Baaaett; 
and  the  section  at  Stanton -on -the- Wolds,  between  Nottingham  and 
Melton  Mowbray.  A  list  of  the  Rhetio  fossils  of  Notts  was  given, 
and  the  presence  of  hone-beds  noticed.  The  author  could  not  agree 
with  certain  geologists  that  the  green  marls  which  are  fonnd  beneath 
the  Paper  Shales  in  Notts  (nor  probably  also  the  "Tea-green  Marls" 
of  the  West  of  England)  belong  to  the  Bhtetio  series,  but  took  them 
to  be  Upper  Keuper  Marls,  onoe  rod  in  oolour,  which  had  become 
discoloured  by  some  deoxidizing  agent,  probably  carbonic  acid 
evolved  during  the  decomposition  of  the  organic  matters  of  the 
foasila  of  the  Paper  Shales.  For,  in  lithological  character  the  green 
marls  agreed  with  underlying  beds  in  the  Keuper,  but  differed 
markedly  from  the  overlying  Khntios;  then  there  was  every  ap- 
pearance of  a  passage  between  the  green  marls  and  the  underlying 
red  and  green  marls  of  the  Keuper ;  and,  lastly,  the  green  marls,  like 
the  rest  of  the  Keuper  marls,  were  practically  unfossiliferons,  while 
with  the  commencement  of  the  Paper  Shales  we  get  the  remains  of 
an  abundant,  and  distinctly  marine  fauna,  in  part  Liassio. 

IV. — EmiABKS  UPON    THE    StKUOTIIBB   and    CLASaiFlCATION    OF  TBI 

Blastoidea,     By  P.  Hekbert  Gabpentkb,  Sl.A. 

THE  author  and  Mr.  E.  Etheridgo,  jun.,  who  are  preparing  a  joint 
memoir  upon  the  Blastoideo,  have  arrived  at  the  following 
conclusions  respecting  the  group. 
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It  is  very  doubtful  whether  the  genus  Pentremiies  occurs  at  all  in 
Britain.  Some  badly-preserved  fragments  from  the  Devonian  and 
the  Scotch  Carboniferous  are  possibly  referable  to  it ;  but  most  of 
the  Blastoids  (besides  Cadaster)  which  occur  in  the  Carboniferous 
Limestone  belong  to  the  genus  Granatocrinm,  Troost,  which  is 
represented  by  some  seven  or  eight  species. 

Cumberland's  Mitra  eUiptica  is  the  representative  of  a  new  genus, 
distinguished  by  the  eccentric  position  of  tlie  spiracles.  Cadaster  is 
a  true  Blastoid,  and  not  a  C^'stid,  as  supposed  by  Billings.  The  slit- 
like openings  of  its  hydrospires  are  nearly  on  the  same  level  as  the 
ambulacra,  which  do  not  conceal  them  at  all.  In  the  ordinary 
Blastoids,  however,  they  are  below  and  concealed  by  the  ambulacra, 
opening  externally  by  pores  at  the  sides  of  the  latter.  There  are 
various  intermediate  forms  between  these  two  extremes,  in  which 
the  hydrospiral  slits  are  more  or  less  concealed  by  the  ambulacra, 
but  are  partially  visible  at  their  sides.  It  is  proposed  to  group  the 
species  thus  distinguished  into  a  genus  Pentremitidea,  which  is  repre- 
sented in  Britain  by  the  little  Pentremttes  acutm,  Sowerby,  in  Belgium 
by  P.  caryophyllatus,  and  in  Spain  by  P.  Pailleti,  De  Vemeuil,  for 
which  last  the  name  Pentremitidea  had  been  already  proposed  by 
D'Orbigny.  An  arrangement  of  this  kind  has  been  already  suggested 
by  Billings. 

The  discoveries  of  Rofe,  Wachsmuth,  and  Hambach,  respecting  the 
perforation  of  the  lancet-piece  by  a  longitudinal  canal,  are  confinned. 
This  canal  probably  lodged  the  water- vessel,  which  must  have  been 
devoid  of  any  tentacular  extensions,  as  in  some  Holothurians,  and  in 
the  arms  of  certain  Comatula,  Respiration  was  eflfected,  however,  by 
means  of  the  hydrospires.  The  pores  usually  found  at  the  sides  of 
the  ambulacra  were  not  the  sockets  for  the  attachment  of  the 
appendages,  but  led  downwards  into  the  hydrospires,  serving  to 
introduce  water,  which  made  its  way  out  through  the  spiracles.  The 
genital  ducts  probably  opened  into  some  portion  of  the  hydrospires, 
as  they  do  into  the  closely  similar  structures  of  the  Ophiuroidea,  and 
the  ova  were  discharged  through  the  spiracles.  Billings'  statements 
are  confirmed  respecting  the  existence  in  many  species  of  a  single  or 
possibly  double  row  of  joined  appendages  along  each  side  of  the 
ambulacra;  but  these  appendages  are  not  homologous  with  the 
pinnules  of  the  Crinoidea, 

In  perfect  specimens  the  peristome  is  covered  in  by  a  vault  of 
small  polygonal  plates,  any  definite  arrangement  of  which  is  rarely 
traceable.  Extensions  of  this  vault  were  continued  down  the  sides 
of  the  ambulacral  grooves,  which  could  thus  be  closed  in  completely 
and  converted  into  tunnels,  as  in  recent  Crinoids. 

The  classification  of  the  Biastoidea  must  depend  entirely  upon 
morphological  principles.  Mere  differences  in  the  relative  sizes  of 
the  calyx  plates  are  of  very  little  systematic  value  ;  and  differences 
in  the  numbers  of  side  plates  on  given  lengths  of  the  ambulacra  are 
absolutely  worthless.  On  the  other'hand,  the  structure  and  relative 
positions  of  the  hydrospires  and  spiracles  are  morphological  characters 
of  much  systematic  value. 

DBCADB  n. — TOL,  Yin, — KO,  X.  %^ 
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T. — On  tee  CniRACTBiis  of  the  "  Lanbdowne  Encbinitk"  (Hiu-oj- 

CR1HU8  pRATU,  Grny,  ap.)  By  P.  Hgbbebt  CARPESTEa.  M.A. 
rjTHE  "LttnBdowueEncrinUe"iHaspecieaorj/iUert'eri'nu«  (^M.  Prain, 
X.  Gray.  ftp.  "=  Apiorrinut  oheouicui,  Golclfufis)  from  the  Grwit 
Oolite  on  the  top  of  Lansriowne,  near  Batb.  It  is  remarkable  for  l!ie 
very  great  variation  in  the  characters  of  its  etem  and  calys.  Tlie 
former  may  reacli  50  lam.  iu  length,  and  oonsist  of  70  diseoidal 
joints  ;  or  there  may  be  lees  than  ten  joints,  tbe  lowest  of  which  it 
roiiiided  off  botow,  and  ita  central  canal  closed  up.  Various  inter- 
mediate oonditions  may  occur  between  these  two  esti'smea,  while  in 
Boine  Bpecimens  there  may  be  only  two  to  four  stem-joints  ;  and  in 
one  case  Ihe  whole  stem  is  repreHenlei]  by  a  slightly  convex  imper- 
forate plate  on  whicli  the  basnls  rest.  This  specimen,  taken  by 
itself,  would  be  naturally  regarded  as  a  Citina(u{a  of  advanoeil  agt', 
in  which  the  cirrh  us- sockets  had  disappeared  from  the  centre  dorsal 
just  as  they  do  in  the  recent  Aetinomelra  Juiretii.  The  general  ap' 
poarance  of  the  calyx  is  very  similar  to  that  of  Pentacrinut  JVyn'He- 
Thomaoni  from  the  North  Atlantic.  But  it  is  remarkable  for  llie 
number  of  smalt  intercalated  pieces  which  it  may  contain.  Tbs 
basals  are  frequently  separated  from  one  another,  or  from  the  radials, 
by  minute  plates  which,  while  regidnrly  developed  all  round  tba 
cnlj'K  in  some  specimens,  are  enliruly  ubsont  in  others. 

The  nearest  allies  of  M.  Pratii  seem  to  be  J/i  MajtaUrianua,  var. 
Suchianug,  and  M.  Nodalianut.  It  stands  on  the  extretne  limit  of 
the  genus,  connecting  it  with  Pentaerinus  on  the  one  hand,  and  with 
the  free  Comatutidce  on  the  other.  It  is  thus  a  synthetic  type,  SB 
woald  naturally  be  expected  from  its  geological  position ;  for  it  i> 
probably  the  earliest  known  species  of  the  genus,  except  perhaps  for 
two  doubtful  Liaasio  forms,  which  are  known  only  by  isolated  plates 
and  stem -joints. 


VI. — On  the  Extehsion  into  Essex,  Middlesex,  and  dtbeb 
Inland  Counties,  of  the  Muhdeslkt  and  Webti.etos  Beds, 
IN  Relation  to  the  Age  of  certain  Hill-obavels  and  of  some 
OP  THE  Vallbts  of  TBS  South  of  England.  By  J.  Fbkbtwich, 
M.A.,  F.K.S.,  Professor  of  Geology  in  the  University  of  Oxford. 

THE  author  ^ves  in  this  paper  the  result  of  observations  com- 
menced more  than  thirty  years  since,  bat  delayed  publication 
in  oonsequeuce  of  doubts  cansed  by  the  complexity  of  Che  phenomena. 
As  mentioned  in  the  preceding  paper,  a  peculiar  group  of  land, 
freshwater,  and  marine  beds  occupy,  on  the  Norfolk  coast,  a  wine 
between  the  Chillesford  Clay  and  the  Lower  Boulder-clay.  As  we 
proceed  southward,  the  laud  and  freshwater  conditions  are  gradually 
eliminated,  and  marine  conditions  then  alone  prevail.  Poorly 
marked  as  the  marine  evidence  is  in  Suffolk,  this  evidence  is  entirely 
wanting  further  inland,  and  we  have  only  levels,  superposition,  and 
structure  to  rely  on  in  correlating  the  fragmentary  outliers  into 
which  these  beds  finally  resolve  themselves.  Again  on  the  coast  of 
he  Eastern  Counties,  this  group  forms  a  nearly  level  plane  bnt 
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ittle  above  the  sea-level,  resting  everywhere  on  an  undisturbed  or 
^erj  slightly  eroded  bed  of  Chillesford  Clay,  and  being  succeeded, 
mXh  but  slight  evidence  of  denudation,  by  the  Lower  Boulder-clay, 
)r  by  the  Glacial  sands  and  gravel ;  whereas,  as  it  trends  inland,  it 
Utains  a  considerable  elevation^  above  the  sea-level,  passes  uncon- 
ibrmably  over  the  older  Tertiary  strata,  and  has  been  subjected 
;o  a  great  amount  of  denudation.  On  the  other  hand,  the  old  land 
/<rhich  seems  to  have  extended  from  the  eastward  as  far  as  the 
S^orfolk  coast,  is  now  in  great  part  below  the  level  of  the  Grerman 
!)cean.  Further,  whereas  the  succeeding  Glacial  beds  all  show  a 
Irift  from  northward  to  southward,  this  is  the  only  case  that  has 
iome  under  the  author's  notice  of  a  marine  drift  from  southward  to 
;he  northward. 

The  Westleton  Beds,  in  their  more  typical  aspect,  consist  of 
inartzose  sands  full  of  flint  pebbles,  almost  as  much  worn  and  as 
lumerous  as  in  the  Lower  Tertiary  sands  of  Addington.  With  these 
ire  mixed — (1)  A  good  many  small  white  and  rose-coloured  quartz- 
pebbles  ;  (2)  Pebbles  of  Lydian  stone ;  (3)  Large  flattened  pebbles 
)f  a  light-coloured  quartzite;  and  (4)  Rolled  and  worn  fragments 
)f  Lower  Greensand  chert.  It  is  the  presence  of  these,  and  espe- 
cially of  the  last,  that  constitutes  so  marked  a  feature  of  these  beds, 
ind  which,  with  the  absence  of  pebbles  and  rock-fragments  of 
Qorthem  origin,  serve  to  separate  them  from  the  Inter-glacial  sands 
ind  shingle  with  which  in  places  they  come  into  juxtaposition. 

The  author  then  proceeds  to  trace  the  beds  through  Essex,  and 
^ives  a  series  of  railway  sections  showing  these  beds,  exhibiting 
jsually  the  appearance  of  a  white  gravel,  with  intercalated  ochreous 
beds,  and  reposing  on  a  very  eroded  surface  of  the  London  Clay. 
N^ear  Clare  there  is  a  pit  in  which  they  exhibit  oblique  lamination, 
ind  might,  apart  from  the  want  of  fossils,  be  mistaken  for  a  Crag 
lection.  Near  Braintree,  a  remarkable  section  was  exposed  in  the 
branch  railway  to  that  town.  It  showed  these  beds  much  faulted, 
>verlaid  irregularly  by  a  darker  bed  full  of  New  Red  Sandstone 
jnartzite  pebbles,  and  the  whole  covered  by  indenting  Boulder-clay. 

In  traversing  the  beds  farther  westward  they  undergo  further 
modification.  Certain  characters  remain,  however,  persistent,  and 
3n  these  we  have  to  rely.  1st,  the  shingle  is  composed  essentially 
^f  chalk-flint  pebbles,  becoming  less  worn  as  we  approach  the 
southern  limits  of  the  deposit ;  2ndly,  it  often  becomes  much  mixed 
Bvith  flint-pebbles  and  subangular  fragments  of  compact  sandstone 
3crived  from  the  underlying  Tertiary  strata ;  3rdly,  the  chert  and 
ragstone  fragments  often  so  increase  in  numbers  as  to  constitute  a 
large  portion  of  the  gravel.  They  are  worn  and  subangular,  and  the 
shert  is  identical  with  the  chert  of  the  Lower  Greensand  of  Kent  and 
Surrey  ;  4thly,  the  pebbles  of  white  and  rose-coloured  quartz,  of 
Lydian  stone,  and  of  white  quartzite  become  rarer,  and  in  places  are 
wanting.  The  Lydian  stone  and  some  of  the  small  quartz  pebbles 
may  be  derived,  with  the  chert,  from  the  Lower  Greensand,  but  this 
will  not  account  for  the  great  number  of  quartz  pebbles  found  in  the 
Eastern  Counties.     The  quartzite  pebbles  are  ec^uaLl^  Ux^  Vs^ 
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lighter-coloured  and  more  ovoid  than  those  of  the  New  Ked.  Thet 
probably  have  drifted  from  a  coDtinental  Hrea  od  the  east,  the  »»llior 
having  found  similar  beds  in  parU  of  Belgium.  Sthly,  the  abseni* 
of  northern  drift. 

liesides  tlieir  position  under  the  Bouldor-clay  on  the  lines  o[ 
railwH}',  the  Weatletun  Sliingle  i^pB  some  isolated  hills  in  Eesei, 
Hiich  QB  Danebury  atiil  Lnngdon  HiIIk.  It  la  to  this  age  also  that  tha 
author  would  refer  the  drift  gi'avel  capping  some  of  the  higher  grouml 
in  Epping  Foreet,  and  also  the  Middlesex  hills  around  Itamet  and 
Sontligate,  and  extending  Ih^nce  in  outliers  to  the  range  of  hills 
lietween  Hertford  and  HalGeld,  South  Mimina  and  St.  Albans,  and 
]>o»8iljIy  as  far  north  as  I'yler's  Hill.  n<.'ar  Chesbani.  Ranging 
fui'tlier  westward,  it  forms  a  amall  capping  on  Borsington  Hill,  near 
Hnrrow.  wbioh  servea  to  connect  it  with  its  highest  poailion  on 
Biiwsey  Hill,  near  Henley-on-Thamea.  Southward,  it  caps  St. 
Gt'Oige's  Hill,  near  Woy bridge.  Approaching  its  aonthem  lioundary, 
this  drift  becomes  less  worn  and  passes  into  a subangular  flint-gravel, 
capping  several  of  tbe  hills  south  of  the  Thames.  At  Cherry  Down. 
near  Windsor,  it  consiats  in  large  part  of  subangular  fragments  of 
chert  and  ragstone.  It  caps  Hungary  Hill,  near  Pamham  ;  another 
hill  west  of  Ca'sar's  Camp,  near  Bagshot ;  Mea'luw  Down,  ne«r 
Guildford;  and  Pobly  Hill,  near  Dorking.  To  this  period  may 
probably  be  also  assigned  the  gravel  on  the  top  of  Well  Hill,  ue«r 
Chelsfield,  Kent ;  and  some  of  the  sands  and  gravel  on  the  top  of  the 
cliffa  near  Minster,  in  the  lale  of  Sbeppey. 

The  author  reserves  for  another  occasion  the  description  of  the 
beds  next  in  order ;  but  he  would  mention  here,  that  the  Bonlder- 
clay  and  some  Glacial  gravels  occupy  in  Herts  and  Berks  a  lower 
'  horizon  than  the  Westleton  Beds.  It  would  therefore  appear  that, 
while  the  eastern  area  was  submerged,  and  the  strata  followed  in 
regular  suocession  upon  a  surface  which  did  not  undergo  denudation, 
the  southern  and  western  area  was  slowly  elevated,  and  underwent 

Krtial  denudation  before  (he  Upper  Boulder-clay  was  deposiled. 
evious  to  the  period  of  the  Westleton  and  Mundeeley  beds,  it  is 
probable  that  the  denudation  of  the  Weald  had  hardly  commenced. 
The  area  was  spread  over  by  Cretaceous  strata  under  water  at  the 
beginning  of  the  Crag  peiiod  (the  Lenham  Beds),  and  judging  from 
the  character  of  the  beds  which  fringe  the  North  Wealden  area  at 
Obelefield,  Cherry  Down,  etc.,  the  author  concludes  that  there  wns 
land  south  of  this  fringing  shingle,  whence  the  great  mass  of  Chalk- 
flints  and  of  Lower  Greensand  cherts  and  ragstone  must  have  been 
derived.  This  mass  of  debrit  serves  to  attest  to  the  great  extent  of 
these  strata  that  have  been  removed  from  the  Wealden  area  while 
yet  it  was  an  elevated  and  not  a  depressed  area.  After  the  rise  of 
the  area  over  which  the  Westleton  Beds  extended,  it  underwent 
extensive  denudation,  and  it  wan  at  this  period  that  the  great  plain 
of  the  Thames  Valley  received  its  first  outlines,  although  it  was  not 
until  much  later  that  the  river  valley  received  its  last  impress. 
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VII. — On   thk    Formation   or   Coal.      By  Edward  Wethered, 

F.C.S.,  F.G.S. 

\  pHE  author  first  reviewed  the  researches  of  Hntton,  Goeppert, 
JL     MacCulloch,  Sir  James  Hall,  Sir  W.  Logan,  and  Dr.  Dawson, 
and   then  summed  up  the  conclusions  now  entertained  as  to  the 
formation  of  Coal,  as  follows : — 

Ist  That  the  heds  of  fire-clay  which  underlie  all  seams  of  coal 
represent  the  original  land-surfaces  upon  which  the  coal-forming 
vegetation  grew.  2nd.  That  the  Stigmaria  found  in  the  underclays 
were  the  roots  of  that  vegetation,  which  implies  that  the  plants  were 
of  the  Lepidodendroid  order.  3rd.  That  the  vegetation  grew  near 
the  mouths  of  great  rivers,  in  swampy  ground,  and  there  underwent 
submergence  ;  changes  then  took  place  which  converted  the  vegetable 
matter  into  coal.  4th.  That  the  change  of  coal  from  one  variety  to 
another,  even  in  the  same  seam,  is  the  result  of  metamorphism,  and 
is  indirectly  caused  by  the  contortion  of  the  surrounding  strata, 
whereby  facilities  for  the  escape  of  gases  evolved  by  the  vegetable 
decomposition  have  been  produced. 

The  author's  exceptions  to  the  above  were — Ist.  That  coal  was 
not  formed  from  trees  of  the  Lepidodendroid  type,  and  that  therefore 
the  Stigmaria  found  in  the  underclays  are  not  the  roots  of  the 
vegetation  which  gave  rise  to  the  coal,  unless  it  was  from  the 
spores  of  such  plants,  which  the  author  considered  wanting  in  proof, 
though  some  coal  did  undoubtedly  contain  spores  of  some  kind. 
2nd.  That  the  varieties  of  coal,  and  the  change  which  sometimes 
takes  place  in  one  and  the  same  seam,  are  not  due  to  metamorphism, 
nor  are  they  dependent  upon  the  contorted  state  of  the  surrounding 
strata,  but  arise  from  the  greater  or  less  chemical  decomposition  of 
the  vegetable  mass,  influenced  by  the  circumstances  under  which  it 
was  submerged. 

The  reasons  which  had  led  up  to  these  conclusions  were  : — 1st. 
That  we  have  proof  of  other  vegetation  during  the  coal-period  besides 
the  Lepidodendraf  but  their  roots  have  not  been  preserved,  owing  to 
their  being  of  a  more  perishable  nature  than  the  Stigmaria,  2nd. 
Beds  of  underclay  are  frequently  met  with,  full  of  Stigmaria,  but  are 
not  followed  by  seams  of  coal.  3rd.  Coal  must  have  been  formed 
from  a  compact  mass  of  vegetation,  such  as  could  not  have  been 
produced  by  large  trees  (as  the  Lepidodendra  were)  growing  in  situ. 
The  uniform  thickness  and  comparative  freedom  from  inorganic  con- 
tamination would  demand  a  mass  of  vegetation  into  which  only  a 
limited  amount  of  sediment  could  penetrate.  4th.  The  finding  of 
a  fossil  tree  standing  in  situ,  upon  which  so  much  stress  had  been 
laid  by  some  authors,  is  a  rarity.  Though  the  author  had  spent 
much  time  underground  in  collieries,  and  seen  hundreds  of  fossil 
trees  drifted  into  the  position  in  which  they  have  been  found,  he  had 
only  twice  seen  instances  of  them  standing  where  they  have  grown. 
6th.  If  seams  of  coal  were  formed  from  Lepidodendroid  trees,  the 
tough  bas-layer  would  be  easily  detected,  which  has  never  been  the 
case  in  any  true  bed  of  coal.     6th.  If  the  Stigmaria  found  in  the 
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underulftya  reprewnt  tlie  roots  of  the  coal-forming  vegetfttiDn.  we 
shonld  expeoC  to  find  the  fnictificalionB  imiuedintdy  over  ihe  oial. 
whicU  IB  not  the  case ;  with  the  exception  of  Cordaitet,  remains  of 
foaail  plants  are  not  found  for  the  first  two  feet  or  bo  over  the  cial- 

After  n  carefnl  inyesligation  underground  of  the  oonditiona  under 
which  ooal  was  formed,  the  author  has  arrived  at  the  following  con- 
clusions:— On  the  land  grew  the  vegetation  of  the  period,  represented 
by  Zepidodendra,  SigiUaria,  Cahmitee,  eta.  Ah  the  land  sank  and 
the  wflters  encroached,  the  land  vegetation  gradually  diBappeared, 
but  the  roots  remained  in  many  cases,  and  those  which  offered  the 
greatest  resistauoo  to  decay  are  the  ones  preserved  in  a  fossil  state — 
hence  the  occurrence  of  Stigmaria.  As  the  waters  advanced,  the 
ground  would  become  swampy,  and  then  we  might  expect  to  sec 
spring  up  reeds,  mosses,  and  other  vegetation  suitable  to  the  changed 
condition ;  it  is  to  vegetation  of  this  kind  that  the  author  ascribes 
the  formation  of  coal. 

Reference  was  then  made  to  the  Presidential  Address  of  Professor 
Itamsay  to  the  British  Association  in  1880,  in  which  the  recurrence 
of  the  same  kind  of  incident  through  geological  time  was  advocated. 
The  author  then  asked,  why  the  coal  formations  of  the  Carboniferooa 
period  should  be  an  exception,  seeing  that  the  modern  lignites  and 
dcposila  of  poat  were  instjtnces  of  con  1  in  the  process  of  formation- 
It  was  then  pointed  out  that  these  deposits  were  not  composed  of 
large  trees,  but  of  a  lower  order  of  growth. 

Coming  to  the  varieties  of  coal,  and  the  change  which  sometimes 
takes  place  in  this  respect  in  one  and  the  same  sesm,  it  was  shown 
that  the  difference  between  bituminous  and  anthracite  coal  was,  that 
the  latter  contained  a  greater  proportion  of  carbon  and  a  less  amount 
of  volatile  matter  than  the  former.  It  was  then  contended  that  if 
the  decomposition  of  the  coal-forming  vegetation  took  place  without 
being  affected,  to  any  extent,  by  minerals  capable  of  oxidizing  the 
carbon,  that  a  ooal  would  be  formed  having  a  large  proportion  of 
carbon  with  a  less  proportion  of  volatile  matter  than  is  found  in 
bituminous  coals.  The  author  explained  this  by  briefly  reviewing 
the  process  by  which  vegetable  matter  has  been  converted  into  coal. 
It  chiefly  depended  upon  the  amount  of  oxygen  which  could  unite 
with  the  carbon  for  carbonic  acid,  and  the  amount  of  hydrogen  which 
could  unite  with  the  carbon  to  foim  marsh  gas.  Sy  this  process 
oxygen  and  hydrogen  would  pass  off  in  greater  proportion  than  the 
carbon,  thus  increasing  the  proportion  of  the  latterto  the  whole.  If, 
however,  the  submerging  waters  placed  in  contact  with  the  vegetable 
mass  substances  capable  of  supplying  oxygen  to  the  carbon,  then 
there  would  be  a  deoreaae  in  the  proportion  of  the  latter,  and  what 
the  author  termed  the  '  fixed  oxygen  and  hydrogen  '  would  increase 
in  proportion  to  the  whole  and  give  rise  to  a  coal  of  a  bituminoui 
nature. 

With  a  view  of  ascertaining  whether  the  chemical  composition  of 
the  beds  overlying  a  seam  of  coal  which  has  changed  from  bitnminous 
to  anthracite  also  changed,  the  Welsh  *  nine  feet '  seam  was  selected, 
which  near  Cardiff  is   aemi -bituminous   and  at  Aberdare  becomes 
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anthracitia  Specimens  of  the  overlying  strata  were  selected  from 
the  two  districts  at  each  foot  above  the  coal  for  five  feet;  these 
were  analyzed,  and  it  was  found  that  the  beds  from  near  Cardiff 
were  considerably  more  argillaceous  and,  as  a  whole,  less  ferruginous, 
than  those  at  Aberdare.  It  would  be  rash  to  attempt  to  determine  the 
exact  chemical  nature  of  the  sediment  deposited  over  the  coal-forming 
vegetation  in  the  two  localities,  as,  with  the  exception  of  silicate  of 
alumina,  the  silicates  and  other  minerals  would  have  undergone  de- 
composition at  the  expense  of  the  carbonic  acid  given  off  from  the 
coal-forming  vegetation.  There  was,  however,  a  decided  change  in 
the  beds  of  the  two  sections  presented,  which  could  not  be  ascribed 
to  metamorphism.  It  rather  appeared  to  point  to  the  sediment 
containing  different  constituents,  which  must  have  had  a  very  con- 
siderable effect  on  the  vegetable  mass.  It  was  to  this  that  the  author 
was  inclined  to  assign  the  change  in  the  character  of  the  coal. 


VIII. — Second  Report  of  the  Committee,  oonsistino  of  Pbof. 
P.  M.  Duncan  and  Mr.  G.  K.  Vine,  appointed  fob  the  purpose 
OF  REPORTING  ON  FossiL  PoLTzoA.  Drawn  up  by  Mr.  Vine 
(Secretary). 

AFTER  many  laborious  researches,  naturalists,  generally,  have 
accepted  Dr.  Allman*s  QymnolcBmata,  for  one  at  least  of  the 
orders  of  the  Class  Polyzoa.  In  this  order  the  ^'Polypide  is  destitute 
of  an  epistome  (foot) :  and  the  lophophore  is  circular."  *  The  order 
Ib  divided  into  three  sub-orders  : — 

I.  Cheilastomatay  Busk.  ^  Celleporinay   Ehrenbe^. 

II.  Cyctostomata^        „     =.  Tubuliporina,  Milne-Ed.,  Hagenow,  Johnston. 
III.  Ctenostomata,        ,, 

The  whole  were  "  founded  by  Professor  Busk  on  certain  structural 
peculiarities  of  the  cell."*  Only  species  belonging  to  two  of  these 
sub-orders  are  found  fossil,  and  to  these  alone  1  shall  direct  the 
attention  of  the  reader. 

I.  Cheilostomata. — Polyzoa  belonging  to  this  sub-order  are  "dis- 
tinguished by  the  presence  of  a  moveable  opercular  valve  "^  This, 
however,  is  not  a  character  on  which  the  Palaeontologist  can  rely  for 
evidence ;  but  there  are  others.  The  ova  are  usually  matured  in 
external  "marsupias,"  or  ova  cells;  there  are  also  appendicular 
organs — avicularia  and  vibricula  ;  and  later  investigations  have 
proved  the  existence  of  peculiar  perforations  in  the  cell- walls,  which 
Reichert  called  '' Kosettenplatten,"  and  Hincks  "  communication - 
pores."  Through  these  openings  the  "  endosarcal "  cord  of  Joilet,* 
in  the  living  Polyzoa,  passed  from  cell  to  cell.  The  aperture,  or 
mouth  of  the  cell,  though  variously  shaped,  is  always  sub-terminal. 
To  prove  that  Polyzoa  (judging  from  the  calcareous  remains  of  this 
sub-order)  were  present  in  the  Palasozoic  seas,  it  is  necessary  that 
some  one  or  other  of  the  above-named  characters  should  be  present 
in  the  species  introduced  as  Cbeilostomatous. 

>  Hincks's  Brit.  Marine  Polyzoa,  p.  cxxivi.  •  Ibid,  p.  cxxiv. 

'  '*  Corneous,**  Waters  on  the  use  of  the  Opercola.    Proceedings  of  Manchester 
Lit.  and  Phil.  Soc,  1878.     (Italics  mine.) 
*  Nervous  tissue,  Miiller. 
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II.  Ctclobtomata, — Tlie  siinplioily  of  straeture  in  tbis  Bub-orJer 
preclufles  elaborate  deBcription.  Thure  are,  however,  a  fewpoinlsvit 
BpeL'ial  structure  tn  wbioli  it  may  be  as  well  to  direct  atteutiou.  Ttie 
cells  are  invariably  tabular,  or  nearly  so ;  tlie  mouths  are  ctrcuLii, 
and,  generally  Bpeaking,  of  the  same  diameter  aa  the  c«lL  The  oell- 
moulhH  in  many  of  the  Cyclostoraata  are  covered  by  caleareons 
opercula,  in  both  recent  and  fotsil  species,  and  these  are  considered 
to  be— by  Mr.  F.  D.  Longe' — of  an  analogous  chamcter  with  tlie 
comeou»  opercula  of  the  Cheilostomala.  Be  this  as  it  may — all  the 
OycloBtomatouB  opercula  are  calcareous — and  their  use  has  not  yit 
been  definitely  made  out. 

In  his  claasificalion  of  tbo  Britiah  Marine  Polyzon,  Mr.  Hincka 
bases  his  genera  and  species,  to  a  large  extent,  upon  the  shape  and 
character  of  the  cell  and  oell-mouth, — the  habit  of  species  is  only 
of  secondary  importance.  To  working  naturalists  amongst  living 
species  his  carefnlly  worked-ont  divisions  are  of  supreme  importance, 
and  the  PalteonlologiRt  may  do  well  to  cany  over  the  leading  idea 
of  Siuitt  and  Eincks  when  working  out  fossil  species,  especially  so 
when  dealing  with  Palasozoio  types.  It  may  be  well,  too,  to  caution 
the  student  in  his  use  of  the  generic  names  of  the  earlier  anihofs. 
TIm'ki-  have  to  he  revised  according  to  modern  ustif^e.  In  every  ease 
where  I  could  retain  the  original  designation  of  the  author  of  genera 
and  species  I  have  done  so,  but  it  seems  to  me  to  be  a  fully  to 
perpetuate  a  nomenclature  which  does  not  indicate  generic  afEnitj. 
In  his  otherwise  carefully  written  •'  Introduction,"  Mr.  Hincks  says, 
"  There  is  evidence,  however  (as  I  learn  on  the  excellent  authority  of 
Mr.  E.  Etheridge,  jun.).  of  the  existence  of  a  few  Oheiloslomatons 
genera  at  least  within  this  epoch  (Palfeozoic),  and  probably  the 
group  is  represented  in  the  Silurian  division  of  it"' — a  concluEian 
which,  after  the  most  careful  research,  I  am  unable  to  agree  with. 

In  this,  as  in  my  former  Heport,  I  shall  revise  the  whole  of  the 
genera  and  species  that  have  been  introduced  since  the  time  of 
Goldfuss  into  the  nomenclature  of  Silurian  and  Devonian  literature. 
I  would  prefer  to  deal  only  with  British  species,  but  as  many  papers 
descrihing  new  genera  and  species,  from  foreign  sources,  have  been 
published  in  this  country,  I  cannot  do  otherwise  than  review,  if  not 
revise,  these  as  well.  But  whereas,  in  iny  former  Report,  I  dealt 
generally  with  material  in  my  own  cabinet,  in  thia  I  shall  refer 
largely  to  the  Polyzoa  in  the  magnificent  collection  of  the  MuBeura 
of  Practical  Qeoh'gy.  For  this  purpose  I  have  handled,  and  noted 
down  particulars  of  every  specimen  in  the  collection,  from  the 
Lower  Silurian  to  the  Devonian.  This  I  have  been  enabled  to  do 
through  the  kindness  of  Mr.  Etheridge,  F.K.S.,  Pal  neon  tologist,  and 
Mr.  E.  T.  Newton,  Assistant  Naturalist  of  H.  M.  Geological  Survey, 
Museum,  Jennyn  Street. 

Proressor  Duncan  has  expressed  a  wish  that  in  thia  Report  I 
should  draw  up  a  suggestive  Terminology,  that  would  be  in  keepmg 

'  Oolitic  PoItzob,  F.  D.  LoDge,  F.Q.S.,  Gsoi,.  Mao.,  January,  1881.  See  »li» 
Bincka'ij  Urit.  Mnrine  Polyzoa,  Introduction,  p.  cv,  nnd  pp.  460  1. 

'  Brit,  Mar.  I'oly.  p.  cxvlii.  Adding  in  it  note,  "  Of  recont  genera  Slamatopwa  and 
Diailofiora  appeitr  to  occni  in  the  Silurian  Roclu." 
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with  mcKleni  usage  and  applicable  to  Palseozoio  Rpecies.  In  accord- 
ance with  the  spirit  of  this  request  the  following  terms  may  be 
accepted  generally.  In  it  I  have  followed  the  leading  of  Bnsk  and 
Hincks,  without  wholly  despising  the  terms  used  by  our  leading 
Falasontologists. 

ZoABiuM. — *'  The  composite  structure  formed  by  repeated  gemmation/'  =Polyzoarium 

and  Polypidom  of  authors. 
ZocEciuM  or  cell.     *'  The  chamber  in  which  the  Polypide  is  lodged.'* 
C(EN(EciuM.     "The  common  dermal  system  of  a  colony.'*    Applicable  alike  to  the 

•*  Frond/*  or  '*  Polyzoary,'*  of  Fenestella,  Polypora,  Phyllopora,  or  Sj-nocladia  : 

or  to  the  associated  ZooDcia  and  their  connecting  **  interstitial  tubuli,*   of  Cerio- 

pora,  Hyphasmapora,  and  Archceopora,  or  species  allied  to  these. 
FBNBiiT&ULEB.    The  square,  oblong,  or  partially  rounded  opening  in  the  zoarium, 

— connected  by  non^eeliuiur  diMepiimtUe^ — of  Fenestella,  Polypora,  and  species 

allied  to  these. 
Fenbstils  applied  to  similar  openings,  whenever  connected  by  the  general  substance 

of  the  zoarium —as  in  Phyllopora,  Clathropora,  and  the  Permian  Synocladia. 
BiLANcnBS.     The  CELL-bearing  portions  of  the  zoarium  of  Glauconome,  Fenestella, 

Polypora,  or  Synocladia ;  or  the  off-shoots  from  the  main- stem  of  any  species. 
GoNCECiUM.   *  *  A  modified  zocecium  or  cell,  set  apart  for  the  purposes  of  reproduction ." 
GoNocYST.     "  An  inflation  of  the  surface  of  the  zoarium  m  which  the  embryos  are 
developed.**     Modem  terms  from  the  Rev.  Thos.  Hincks,  F.K.S. 

I  have  no  desire  to  discuss  my  use  of  the  term  '  Polyzoa '  instead 
of  *  Bryozoa.'  I  use  it  as  a  matter  of  choice  after  carefully  con- 
sidering all  that  has  been  said  by  my  friend  Mr.  Waters,  Hincks, 
Busk,  and  others.  After  all,  the  question  of  priority  is  still  an  open 
one,  and  those  of  my  readers  who  desire  to  consult  authorities  will 
find  ample  material  in  a  paper  *  On  the  Priority  of  the  term  Polyzoa 
for  the  Ascidian  Polypes,*  Busk,  Ann.  Nat.  Hist.,  1852  ;  Rev.  T. 
Hincks'  *  Brit.  Marine  Polyzoa,*  p.  cxxxii ;  and  A.  W.  Waters,  Ann. 
Nat.  Hist.,  January,  1880. 

Sub-order  Ciikilostomata,  Busk. 

Genus  Hippothoa,  Lamx. 

Hippoihoa  inflaia,  Nicholson,  Ann.  Mag.  Nat.  Hist.,  February,  1871, 

pi.  xi.  fig.  4. 
Ahcto  iiiflata,  Hall,  Pal.  New  York,  vol.  i.  p.  77,  pi.  xxvi.  figs.  7a-7fe. 
ITiis  species  of  Hall's  has  been  reworked  from  fresh  material,  by 
Nicholson.  The  slight  figures  given  by  him  show  a  habit  nearly 
akin  to  Hippoihoa  abstersa,  S.W.,  fig.  6,  pi.  22,  Busk's  *Crag 
Polyzoa,*  only  rather  more  swollen  at  the  distal  part  of  the  cell. 
In  the  cell-mouth  of  Busk*s  -figure  the  peristome  is  sinuated  :  in 
Nicholson's  figure  it  is  circular.  There  is  also  a  resemblance  to 
Gold  fuss*  Aulopora  dichotomay  tab.  65.  fig.  2.  I  know  of  no  species 
of  inppothoa,  recent  or  fossil,  with  which  it  can  be  otherwise  fa- 
vourably compared.  Generically  it  has  no  affinity  with  the  Hippo- 
THOiDiE  of  Busk,  and  without  doing  violence  to  the  generic  character 
of  Hippoihoa  as  given  by  Hincks,^  it  cannot  be  placed  with  the 
genus.  The  species,  Nicholson  says,  is  abundant  in  the  Cincinnati 
Group  of  the  Hudson  River  formation,  near  Cincinnati,  Ohio. 

Genus  BeteporOy  Imperato. 
Ever  since  this  genus  was  introduced  in  1559,  it  has  been  used 

1  Brit.  Mar.  Poly.  p.  286. 


\i 


J  J.  rccia  MTU  I  Til''  v.'ii".  h(k(()S(i  Hnll  c 
—  now  J'tdodictija  sralpdluin.  Loll: 
Kd wards,  in  part,  is  the  Micropc 
includes  species  selected  from  no 
and  fossil  Polyzoa. 

Laying  aside  the  genus  Ptilodic, 
other  Palaeozoic  Polyzoa  that  can  1: 
the  Cheilostomata.  After  careful 
obliged  to  say  that  at  present  there 
existed  in  any  of  the  Palaeozoic  8< 
very  doubtful  until  we  reach  the 
this  decision,  I  shall  be  amongst  th 
existence  of  types  if  well-defined  e' 
diagnosis  of  new  discoveries. 

Taking  into  considemtion  the  si 
presenting,  apparently,  an  Eschar 
better  than  begin  this  Report  wit 
Ptilodicfya,  M*Coy  *  places  this  g< 
Kacharida ;  Bereuicea  being  the  th 
the  chamcters  given,  **  cells  shallow 
with  an  operculum,  capable  of  be 
M*Coy  evidently  believed  that  the  I 
rally  placed  in  this  family.  The  tr 
probably  not  older  than  the  Lower  ( 
but  only  as  a  kind  of  passage  group 
an  open  question  at  present,  I  shall 
group  as  redescribed  by  M  Coy  : — 

1839.  Piilodictya,  '. 
1847.  Stictoporay  I 
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This  genus  is  very  fairly  represented  by  specimens  in  the  Museum 
Pract  Geo!.  There  are  no  fewer  than  ten  species  named,  and  three 
marked  "  New  Sp.,"  awaiting  description.  Accepting  the  work  of 
other  authors,  I  can  do  no  more  than  furnish  notes  on  them,  just  as 
they  are  named.  The  first  specimen  is  P.  dichotoma,  Port  lock,  in 
the  Wyatt-Edgell  Coll.,  and  is  found  in  the  Lower  Llandeilo  flags, 
and  the  species  ranges  into  the  Upper  Llandeilo  and  Caradoc.  In 
the  Caradoc,  also,  we  have  the  P.  aeuta^  Hall,  which,  if  correctly 
identified,  is  very  widely  distributed  in  the  American  and  English 
Silurians  of  the  same  horizon ;  and  P,  explanatay  M'Coy.  Three 
species  undescribed,  but  bearing  MS.  names  by  Mr.  Etheridge :  P. 
papillata,  P.  ramosa,  P,  Bcutata.  In  the  Lower  Llandovery  we  have 
the  P.  fucoides,  M*Coy,  a  species  having  a  very  limited  range.  In 
the  Upper  Llandovery  we  have  P.  lanceolata,  Lonsd.,  which  ranges 
through  the  Wenlock  Shale,  Wenlock  Limestone,  Lower  Ludlow 
and  Aymestry  Limestone.  There  is  a  departure  from  the  type  in  P, 
Bccdpellum  {Eschara  ?  scalpeUum,  Lonsrl.) ;  it  is  marked  as  appearing 
in  the  Upper  Llandovery  and  Wenlock  Limestone.  Hall,  in  the 
first  vol.  of  the  Pal.  New  York,  figures  and  describes  P.  {Slicto- 
pora)  acuta,  which  he  compares  with  this  species  of  Lonsdale.  In 
this  species,  too,  there  seems  to  be  no  central  laminar  axis.  It  is 
found  in  the  Trenton  Limestone.  With  regard  to  Ptilodictya  lanceo- 
lata,  Lonsd.,  and  PL  lanceolata,  Goldfuss,  there  seems  to  be  a  little 
confusion  in  our  varied  identifications  of  species.  In  the  Catalogue 
of  Cambrian  and  Silurian  Fossils,^  all  the  P.  lancsolaia  found  in  the 
Upper  Llandovery  to  the  Upper  Ludlow  series,  with  the  exception 
of  one  species  found  in  the  Wenlock  Limestone,  are  ascribed  to 
Lonsdale.  The  Wenlock  species  is  identified  as  that  of  P.  lanceolata, 
Gk)ldfu88.  This  confusion  is  to  be  regretted,  and  in  justifj'ing  the 
course  taken  by  Mr.  E.  T.  Newton  in  the  Catalogue,  I  would  suggest 
that  the  Wenlock  shale  species  receive  a  new  name — P.  Lonsdalii. 
There  are  many  characters  in  this  species  distinct  from  the  species 
described  by  Goldfuss  as  Flnstra  lanceolata.  There  is  also  a  pressing 
necessity  that  the  types  of  Ptilodictya  should  beoome  fixed,  either  as 
a  genus  or  as  a  family. 

Ptilodictya  scalpellum  is  a  type  somewhat  diflFerent  from  that  of 
other  species,  and  under  a  family  name — Ptilodictid-s — I  should 
reconsider  my  own  reference  to  this  genus  of  the  Carboniferous 
Sulcoretepora.* 

Professor  Nicholson '  has  added  much  to  our  knowledge  of  this 
group,  by  the  publication  in  this  country  of  his  papers  on  American 
forms.  He  has  also  founded  two  new  genera  to  take  in  what  he 
considers  to  be  allied  types.  The  Upper  Silurian  species,  which 
are  new,  are:  1.  P.  falciformis,  Nich.,  allied  to  Escharopora  recia, 
Hall.  His  species,  however,  differs  from  Flustra  (Ptilodictya) 
lanceolatay  Goldf.,  P.  gladiola  and  P,  sulcata^  Billings.  2.  P. 
etnacerata,  Nich.,  a  beautifully  delicate  species,  with  '*  elliptical  cells, 

»  Mus.  of  Practical  Geolocy,  1878. 

*  Carboniferous  Polvzoa,  B.  A.  Rep.  1880,  second  page  of  Report. 

'  Ann.  Mag.  >iat.  ilist.  March,  1875. 


Kin'cies,  liut  na  tlieie  is  fvidei 
types,  it  luny  be  as  well  to  stud^ 
be,  more  carefully  than  they  h 
formiM,*  Nich. :    Hftmillon  I'ormnt 

For  Bpecies  allied  to  Ptilodieli, 

genera,  and  adopted  one  from  Hi 

1874.     Tmniopora,  Niol 

Claihropora,  Ha 

1876.     Beterodiciya.  Ni 

In  Taniopora  we  have  a  zoari 
careoiiB  expansion,  with  cells  on 
are  dichotomouH.  There  is  a  n 
Eoarium,  having  a  longitudinal  d 
which  the  oells  are  developed. 
rows  of  from  three  to  five.  Th 
non-oelliilifevouB.  Two  speeies  dr 
T.  penniformit,  Nich.,  both  from  th 

In  Claihropora  the  znariiim  is 
eitpansion,  with  rounded  or  oval  ft 
cells  are  on  both  sideB.  separate 
I'enestrfe  are  Biirrounded  by  a  strip 
upecies  is  described — C.  intertex 
LimeBtone,  but  in  some  respect*  it 
of  which  mention  baa  already  been 

In  Beteroiiicttjn  the  zoarium  foil 
two-edged  frond,  with  Bub-paral 
series  ;  the  central  cells  are  wti 
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Limestone;  and  I  think  it  very  unwise  to  disturb  the  present 
nomenclature  without  sufficient  reason.*  The  MS.  names  of  Mr. 
Bobert  Etheridge '  require  confirmation,  and  the  best  way  to  do  this 
would  be  to  describe  and  figure  them.  ITie  new  genera  of  Professor 
Nicholson  may  in  the  future  embrace  some  few  of  the  forms  already 
described,  but  we  can  hardly  supersede  the  clear  definitions  of 
Lonsdale's  types  as  given  by  M*Coy.  In  the  Lower  Ludlow  rocks 
specimens  of  P.  lanceolata^  Goldf.,  often  break  up,  showing  the 
concentrically  wrinkled  central  axis.  In  the  Girvan  District — 
Scotland — at  least  two  distinct  species  of  this  genus  may  be  found — 
P.  costeUata,  M'Coy,  and  P.  dichoioma,  Portl. 

(To  be  concluded  in  our  next  Number  ) 


The  Geological  Basis  of  the  Chief  Cities  of  Europe.  [Der 
Boden  der  Hauptstadte  Europa's,  etc.]  By  Felix  Karbeb.  8vo. 
pp.  68,  with  23  woodcuts.     (Holder :  Vienna,  1881.) 

n^HlS  is  a  small,  but  concise  and  very  useful,  compendium  of  the 
I  geology  of  the  European  cities  —  Vienna,  Paris,  London, 
Brussels,  Berlin,  St.  Pet-ersburgh,  and  Home,  with  their  environs,  as 
determined  by  transverse  sections  of  the  great  valleys  in  which  they 
are  situated.  The  water-supply  is  particularly  described ;  and  the 
artesian  borings  at  the  several  places  are  described  geologically,  and 
mostly  figured  as  illustrative  sections,  besides  the  cross-sections  of 
the  respective  basins  and  valleys.  These  illustrations  have  been  in 
many  cases  supplied  by  the  author's  geological  friends  in  the  said 
cities,  and  their  aid  is  carefully  acknowledged  as  well  as  the  other 
authorities  for  compiled  information.  Besides  the  water  supply  (by 
aqueducts  and  wells),  and  the  health  conditions  of  the  cities,  the 
mineral  materials  of  value  in  arts  and  manufactures  are  also  noticed. 
Altogether,  this  is  an  excellent  work,  full  of  condensed  information, 
and  an  invaluable  manual  of  the  geology  of  those  portions  of  the 
important  valleys  (Danube,  Seine,  Thames,  Senne,  Spree,  Neva,  and 
Tiber)  in  which  the  great  cities  have  been  built — T.  K.  J. 


coierErEsiPonsrnDEnsroE- 


THE  WEALDEX  OF  HANOVER. 

Sir, — In  the  June  Number  of  the  Geological  Magazine,  pp. 
281-283,  there  is  a  Review  of  the  Wealden  of  Hanover  (Die  Wealden- 
bildungen  der  Uragegend  von  Hannover,  von  C.  Struckmann). 

The  monograph,  we  are  told,  is  a  detailed  description  of  the 
Wealden  formation  from  the  beds  resting  upon  the  Portland 
Limestone  upwards.  The  Wealden  is  divided  into  three  stages, 
each  forming  a  well-marked  horizon  of  life.  "ITie  deepest  is  the 
"  M  under  or  bimte  Wealden-Mergel,"  representing  the   Purbeck 

'  Since  writing  the  above  I  have  been  able  to  study,  very  carefully,  the  leading 
types  of  Paleozoic  Ptilodietya.  In  a  future  paper  on  the  Family  rxiLODiCTiDJS 
I  shall  be  able  to  correct  many  inaccuracies  of  our  ordinary  nomenclature. 

'  Mus.  Pract.  Greol.  i?.  ^  in  Catalogue  of  Camb.  and  Sil.  Fossils. 


wi.  .-^  oi     I  _:<  •  iiH't  res,  and 

>'»  tli.it  ilic  atnrt'.x.iiil  ••  M  liiitlcr 
v^t.irh-il  as  a  \\  I'.ildrii  rorinatioi 
PiuIkvIvs,  now  future  in  the  Up 

lint  the  geologicjil  houleccrsein 
is  not  yet  at  an  en«J,  for  we  res 
coloured  beds,  twelve  nnUres  in  \ 
virijnla,  Pccten  conreiitriciis,  etc.,  < 
land,  succeeded  by  the  Upper  ] 
Limestone. 

Now  we  were  told  in  the  first  ins 
IMergei  represented  the  Purbeck  1 
in  this  last  passage  they  are  rep 
Purbeck  Limestone  but  both  Up 
the  very  te(?th  of  this  statement,  w( 
review,  that   under   the   lowest   i 
blunder- Mergel,  lies  the  Einibeck 
to   the    Upper    Portlandian,    repn 
Jura,  and  forming,  it  may  be,  pa 
the  Wealden."     So  here   we  liave 
member  of  tlie  Upper  Portlandian 
beloio  the  Lower  Portland.     Unless 
above  the  Upper  Portlandian,  paragi 

Tiiis  sort  of  muddle  could  nevei 
graphical  column  had  formed  pai 
order  to  arrive  at  the  real  meaning 
translation  of  the  j)as8age  which 
a  column  derived  from  a  subseque: 
which  will  represent  what  llerr  St 

"The  Pnvl.o..! 1 
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between  the  Deister  and  Siintel,  there  are  a  series  of  quarries,  which 
furnish  excellent  information  upon  the  sequence  of  the  rocks.  The 
strike  of  the  beds  runs  from  S.E.  to  N.W.,  with  a  very  slight  dip  to 
N.N.E.  The  lowest  beds  consist  of  a  very  compact,  blue  limestone 
divided  into  thick  beds,  which  is  converted  into  quicklime  in  many 
limekilns.  Upon  this,  separated  by  argillaceous  partings,  follow 
compact,  oolitic,  flaggy  limestones  with  numerous  examples  of  Exogyra 
virgula.  Otherwise  fossils  are  scarce ;  Corbula  mosensts,  Buv.,  is  the 
one  that  occurs  most  abundantly.  These  beds,  which  according  to 
Credner  attain  a  thickness  of  about  120  metres,  belong  to  the  Upper 
Kimmeridge.  Upon  them  follow  a  thickness  of  about  12  metres  of 
dark,  in  part  black,  marly  limestones  and  shaly  clays,  with  occasional 
intercalated  thin,  hard,  flaggy  limestones,  rich  in  fossils,  especially 

Eiogyra  virgula,  etc These  beds  belong  to   the  Lower 

Portland.  Over  these  come  the  strata  of  the  Upper  Portland  or  the 
Eimbeckhauser  Plattenkalke,  which  cover  the  whole  broad  ridge  of 
the  Eappenberg,  with  a  thickness,  according  to  H.  Credner,*  of  at 
least  88  metres.  They  are  on  the  whole  poor  in  fossils ;  but  Gervillia 
ohtusa,  etc.,  are  more  or  less  abundant  upon  particular  slabs. 

"  On  the  northern  slope  of  the  Kappenberg  the  Plattenkalke  are 
directly  overlain  by  the  Purbeck  Marls,  upon  which,  for  example, 
the  village  of  Nienstedt  stands ;  they  can  also  be  traced  along  the 
road  to  Egestorf  as  far  as  the  point  where  the  forest  road  branches 
off  towards  the  Collnische  Feld ;  their  thickness  here  amounts  to 
about  80  metres ;   above  them  follows  the  Serpulit" 

The  following  is  the  sequence  in  the  neighbourhood  of  Hanover, 
as  given  by  Striickmann  in  his  paper  "  On  the  Parallelism  of  the 
Hanoverian  and  English  Upper  Jurassic  Deposits,  above  referred  to  : 

England.  Hanover. 

f  Weald  Clay.  Upper  Wealden. 

Wealden        <  Hasting  beds.  IVfiddle  Wealdeu. 

I  Purbeck  beds.  Purbeck  (Serpulite)  or  Lower  Wealden. 

?  M  under- Mergel  as  a  transition  between 
PnRXT  Avn       )  Purbeck  and  Portland. 

roRTi^wD       <L  Portland  Stone.         )  Eimbeckhauser,  Plattenkalke. 

V,  Portland  Sand.  f  Zone  of  Ammonites  gigas. 

/Upper  Kimmeridf^e  Clay.  Upper  Kimmeridii^e  or  Virgula  Beds. 

KiMMERiDOB  <  ^^^^  Kimmeridge  Clay.  Middle  Kimmeridge  or  Pteroceras  Beds. 

I  Kimmeridge  PassageBeds.  L.  Kimmeridge    (Astartian)  =  Nerineea 

\  beds  &  Zone  of  Tertbratula  humtralia. 

August,  1881.  J.  M.  &  W.  H.  H. 

A  CORRECTION. 
Sir, — Will  you  allow  me  to  correct  a  mistake  I  made  in  a  letter 
appearing  in  your  August  Number  ?  Mr.  Day's  simple  method  for 
determining  the  outcrop  on  any  given  surface  of  a  bed  or  trough 
of  known  cylindrical  form,  by  means  of  a  shadow  cast  in  direct 
sunlight,  is  equally  applicable  to  the  inverse  proposition,  viz.,  to 
determine  the  form  of  the  trough,  knowing  the  outcrop. 

A.  F.  Griffeth,  B.A., 
Saitdridob  Vicarage,  Christ's  Coll.,  Cambridge. 

St.  Albans,  Aug.  27,  1881. 

^  Credner,  Ob,  Jura,  p.  68. 


anomaly,  or  to  defend  oneself  a^ 
public  to  judge  between  ub. 


CERVUS  MEOACl 
Sir, — Fortber  jiarticularn  aboi 
of  the  Gkolooicai.  Magizinr 
hand,  I  learn  that  they  were  ft 
Aldermaston,  in  the  Kennet  Val 
for  Mr.  Congreve,  the  owner 
forty  years  ago,  Thomas  Benbi 
had  the  epeciniens  direct  from  Al 
tion  from  the  raan  wJio  found  thei 
the  peat  not  Iieing  dug  into,  whe 
purpose  of  burning  it  for  ashes,  tl 
For  notices  of  the  Kennet  Peal  an 
and  use  of  peat-aslies,  see  the  " 
Field-club,"  vol.  ii.  1878,  pagea  S, 

■dag.  31,  I8B1. 
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Sir,— I  would  wish  to  know  yoi 

the  numerous  rock-basins  which  c 

fusion,  and  were  first  noticed  by  I 

They  occur  also  in  W...I--  t  . 
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I. — On    Evaporation    and    Eccentricity,    as    Co-Factors   in 

Glacial  Periods.' 

By  Rer.  E.  Hill,  M.A.,  F.G.S.,  Tutor  of  St.  John's  College,  Cambridge. 

THE  effects  of  Evaporation  on  Temperature  have  often  been  con- 
sidered, yet  much  remains  unknown.  I  am  not  aware  that 
any  one  has  called  attention  to  the  rapidity  of  its  growth  as  tem- 
perature increases,  and  the  consequences  that  follow. 

Dry  air  coming  into  contact  with  water  absorbs  moisture.  It 
becomes  saturated,  unable  to  take  up  more,  when  it  has  absorbed  a 
certain  quantity  dependent  on  its  temperature.  A  cubic  metre  of 
air  at  OC.  can  hold  4*88  grammes  of  moisture,  at  5C.  it  can  hold 
6-81,  at  IOC.  9-38,  at  150.  12-77,  and  at  200.  17-19.  Thus  the 
amount  of  vapour  increases  much  faster  than  in  a  simple  proportion 
to  the  temperature.  One  well-known  consequence  of  this  is  that  if 
two  currents  of  saturated  air  meet  at  different  temperatures,  their 
mixture  must  be  attended  by  rain.  Cubic  metres  of  air  at  IOC.  and 
200.  as  above  together  contain  26-57  grammes  of  moisture.  When 
mixed  they  take  the  temperature  150.,  but  can  only  hold  25*54 
grammes,  and  the  surplus  quantity  must  be  precipitated. 

Conversely,  the  capacity  for  vapour  of  two  cubic  metres  of  dry  air 
at  different  temperatures  is  greater  than  the  capacity  of  two  metres  at 
the  mean  of  those  temperatures.  Now  the  rate  of  evaporation  from 
the  surface  of  water  is  dependent  on  the  capacity  for  vapour  of  the 
air  above  the  water.  When  other  things  are  equal,  the  amount  of 
evaporation  in  a  given  time  will  be  proportional  to  this  capacity. 
The  amount  will  therefore  depend  on  the  temperature ;  increasing  as 
the  temperature  increases,  but  at  a  faster  rate.  Thus  the  quantity 
evaporated  in  an  hour  of  100.  followed  by  an  hour  of  20  0.  will 
exceed  that  evaporated  in  two  hours  of  15  0.  The  excess  as  above 
will  be  about  4  per  cent.  So  the  evaporation  during  a  year  at  25  0. 
will  fall  short  of  that  resulting  from  two  half  years  at  200.  and 
30  0.  Thus  fluctuations  in  temperature  must  increase  the  amount 
of  evaporation.  The  wider  these  fluctuations,  the  greater  that 
increase.  The  cubic  metre  of  air  at  temperatures  — 300.,  00.,  and 
300.  can  hold  respectively  0-41,  4*88,  30*85  grammes  of  moisture. 
The  mean  of  the  first  and  third  is  15-63,  which  is  more  than  three 
times  the  second.    Thus  the  evaporation  at  a  steady  freezing  tem- 

1  Communicated  to  the  British  Association  at  the  York  Meeting  of  1881. 
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perature  would  not  be  nearly  eqnfil  to  tliat  pn>duc«ii  undw  tf*  | 
tetnperatnro  which  oscillated  from  30  degrees  above  to  30  degw«« 
below  zero.  We  may  express  the  theorem  tersely,  though  perlia[it 
rather  ohscnrely,  as  that  ■'  The  mean  evaporation  under  earyiny  Urn- 
peratiiren  exceeds  the  etaporation  at  the  mean  lemperaliire."  And  aaj 
cause  which  inoreaaes  the  fluctuations  will  still  furtlier  increoae  the 
eacess.  Thua,  "when  temperatures  rary  about  a  mean,  increa^ 
variation  produces  increased  evaporation." 

Every  one  who  has  dipped  into  the  Glacial  Epoch  controverey  will 
see  that  this  fact  has  important  bearings  upon  it.  All  agree  tiiat 
increased  eccentricity  of  the  earth's  orbit  must  bring  wider  variationi 
of  temperature.  Such  wider  variations  would  raise  the  total  evapo- 
ration. Increased  animal  evaporation  must  produce  iDoreased 
annual  precipitation.  At  present  some  of  the  precipitation  tslcei 
place  in  rain  and  some  in  snow.  Each  would  he  auj^fmented.  At 
the  Equator  there  would  be  heavier  rains,  at  the  Poles  a  greater 
snowfall  and  all  the  consequent  effects.  A  sun  nearer  than  at  present 
in  summer,  more  I'emote  in  winter,  will  give  a  colder  Janusry  and 
hotter  July.  Hence  will  follow  increased  annual  evaporation,  and 
increased  precipitation,  and  a  Polar  snowfall  beyond  that  now 
experienced.  But  no  increase  of  total  nnnii.il  hent  acijomiwinies  this 
snowfall  to  melt  it.  There  is  reason  for  a  greater  fall,  but  no  reason 
for  greater  melting.  The  surplus  would  aocumnlate,  and  although 
doubtless  small,  may  with  Bufficient  time  reach  any  reasonable 
amount. 

The  obvious  objection  to  this  argument  is  one  formerly  adduced  by 
myself  agaiust  Dr.  Croll,  that  snow  liberates  in  its  formation  as 
much  heat  as  it  absorbs  in  its  dissipation.  And  this  objection  is 
valid  as  regards  all  snow  produced  by  the  meeting  of  warm  and 
cold  air-currents.  The  cold  current  is  warmed  as  much  as  the  warm 
is  cooled,  and  no  heat  thereby  leaves  the  atmosphere.  Increased 
snowfall  if  it  resulted  would  be  accompanied  by  increased  melting; 
But  there  Ib  a  way  in  which  heat  is  lost  and  snow  produced  whidi 
this  objection  does  not  touoh.  If  air  be  heated,  it  rises  from  the 
ground  and  carries  its  heat  into  higher  regions  of  the  atmosphere. 
Here  as  the  heat  is  radiated  off,  it  finds  a  thick  blanket  of  air  below, 
a  thinner  coverlet  above.  Much  less  of  the  radiated  heat  will 
return  to  earth,  much  more  will  be  lost  in  space,  than  for  alike  mass 
of  air  in  contact  with  the  ground.  The  nproah  of  warm  air  will 
carry  with  it  watery  vapour.  The  particles  of  vapour  under  this 
more  rapid  radiation  will  soon  cool  down,  and  may  reach  a  very  low 
temperature.  When  the  vapour  falls  to  earth  again,  it  will  often  fall 
as  snow.  Any  cause  which  tends  to  increase  up-currents  of  air, 
increases  the  loss  of  beat,  and  increases  the  rainfall  and  anowfalL 
So  does  any  cause  which  increases  the  vapour  earned  aloft  by  those 
up-currents.  Wider  extremes  of  temperature  produce  euoh  increase 
of  vapour,  and  increased  eccentricity  produces  such  wider  extremes. 
A  less  obvious,  very  abstruse,  but  serious  difficulty  arises  from  the 
simultaneous  loss  of  heat  by  radiation.  I  have  formerly  shown 
(GxOL.  Mao.  1880,  p.  17)  that  these  increased  flaotuations  of  heat- 
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pp]y»  by  means  of  their  effect  on  radiation,  lower  the  average 
nperature.  May  not  this  neutralize  the  inci*ea8e  of  evaporation 
lich  would  otherwise  result? 

This  difiSculty  may  perhaps  be  removed  by  aid  of  an  illustration. 
16  temperature  of  the  earth's  surface  as  heat  is  being  poured  on  to 
depends  on  the  loss  of  heat  from  radiation  and  evaporation,  and 
latever  other  causes  of  loss  exist :  the  temperature  rises  till  the 
penditure  equals  the  supply.     This  is  very  analogous  to  the  depth 

water  in  a  cistern  into  which  there  is  a  continual  flow,  but  from 
lich  there  is  also  a  continual  leakage.     If  we  suppose  the  leaks  to 

cracks  in  the  sides,  which  widen  rapidly  upwards,  we  get  an 
alogy  to  the  rapid  increase  of  radiation  and  evaporation  with  rising 
nperature.  The  water  deepens  in  the  cistern  till  the  efflux  equals 
3  supply.     At  that  point  a  large  increase  of  supply  may  not  raise 

9  level  much,  since  the  leakage  increases  so  fast  as  the  water  rises, 
it  a  decrease  of  supply  may  lower  the  level  a  good  deal  if  the 
loks  are  rather  narrow  below.  If  this  be  the  case,  an  inter- 
ttent  supply  will  give  a  lower  average  level  than  a  steady  supply 
the  same  total  amount,  which  answers  to  fluctuations  in  the  supply 
heat  lowering  the  mean  annual  temperature.  Again,  if  one  of  the 
loks  widen  upwards  much  more  rapidly  than  the  other,  it  will  have 
greater  share  in  producing  this  effect,  and  the  loss  through  it  will 
increased.  Now  as  between  radiation  and  evaporation  it  may  be 
3wn  that  the  latter  has  by  far  the  fastest  increase.  The  latter, 
)refore,  has  the  principal  share  in  causing  the  extra  loss  which 
lows  from  varying  heat-supply. 

It  may  perhaps  be  asked,  if  the  heat-loss  from  evaporation  be 
js  increased  while  the  heat-supply  is  unchanged,  will  not  the  earth 
losing  more  than  it  receives  ?  Does  not  this  conclusion  conflict 
th  the  equilibrium  of  emission  and  supply  ?  If  we  export  more 
in  we  import,  must  we  not  be  growing  poorer  in  heat?  Those 

10  can  see  this  difficulty  will  probably  see  the  answer,  that  under 
3h  circumstances  less  is  lost  by  means  of  radiation :  more  flows 
t  by  one  leak,  and  less  by  the  other. 

These  reasonings  seem  to  me  to  prove  that  increased  eccentricity 
1st  produce  an  increased  amount  of  snow.  But  when  we  try  to 
Iculate  the  possible  amount,  we  are,  as  usual,  pulled  up  by  an 
possibility.  This  arises  in  the  present  case  rather  from  the 
certainty  of  the  data  than  from  any  difficulty  in  the  operation. 
8  may,  however,  form  some  rough  notion  of  what  is  possible, 
aing  a  calculation  on  the  assumption  of  evaporation  proportional 
capacity  of  dry  air  for  vapour,  we  find  that  a  temperature  fluctu- 
ng  10  F.  on  each  side  of  80  F.,  would  give  about  one-fortieth 
)re  precipitation  than  would  a  steady  80  F.  An  equal  fluctuation 
each  side  of  freezing  would  give  much  the  same  fractional  increase, 
le-fortieth  may  seem  small,  but  it  must  not  be  despised.  If  the 
dsent  annual  Arctic  snowfall  were  20  inches,  all  by  supposition 
it  melted,  and  if  an  uncompensated  increase  commence  and 
idnally  grow  during  the  12,000  years  which  will  interchange  the 
ksons  and  bring  the  summer  of  the  Northern  Hemisphere  into 


iimountinK  to  iibout  10*  nt  the 
K,  Julinston,  (inly  Bnmo  2". 
authority),  in  the  Tropics  tlire 
thre«  hottest  months.  So  it  t 
goei  almost  entirely  to  augme 
donbt  that  intenser  heat  wan. 
preoipitation,  vhile  that  of  the 
TeiT  mnch  diminiBhed.  For  A 
find  (Bink,  Narea,  Nordenskiol 
axx^en,  or  to  a  preoipitation  oo 
A  hotter  summer  would  ohargi 
whiob  would  be  preoipitated  ii 

This  aotion,  whatever  be  its 
Dr.  Croll's  tiows.  For  the  gi 
viDter  oold  occur  with  high  e 
perihelion.  The  action  ought 
ronnded  by  water.  For  the  sa 
produoe  the  intensified  evaporai 
begin  to  oool  faster  than  the  we 
draught  of  moist  air  may  proi 
agrees  with  the  vast  extent  of  th< 
seemed  to  me  too  far  different  I 
■imply  to  difference  of  seasons. 

In  oonolnsion,  I  may  remark  t 
form  of  snow,  expounded  by  Mr 
increased  loss  when  heat  is  111 
gested  by  Dr.  Boberts  in  the 
essential  points  in  this  theory, 
them  by  a  third  puiut,  that  iu> 
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II. — JusAssio  Birds  and  their  Allibs.^ 

By  Professor  0.  C.  Marsh,  F.6.S. ; 
of  Tale  College,  Newhayen,  Ct.,  U.S.A. 

i  BOUT  twenty  years  ago,  two  fossil  animals  of  great  interest 
X  were  found  in  the  lithographic  slates  of  Bavaria.  One  was 
e  skeleton  of  Archaopieryx^  now  in  the  British  Museum,  and  the 
ber  was  the  Compsognathus  preserved  in  the  Boyal  Museum  at 
anich.  A  single  feather,  to  which  the  name  Arehaopteryx  was 
vt  applied  by  Yon  Meyer,  had  previously  been  discovered  at  the 
me  locality.  More  recently,  another  skeleton  has  been  brought  to 
^bt  in  the  same  beds,  and  is  now  in  the  Museum  of  Berlin.  These 
ree  specimens  of  Archaopteryx  are  the  only  remains  of  this  genus 
lown,  while  of  CompsognathM  the  original  skeleton  is,  up  to  the 
esent  time,  the  only  representative. 

When  these  two  animals  were  first  discovered,  they  were  both 
nsidered  to  be  reptiles  by  Wagner,  who  described  Compsognathus, 
id  this  view  has  been  held  by  various  authors  down  to  the  present 
ne.  The  best  authorities,  however,  now  agree  with  Owen  that 
reheopieryx  is  a  bird,  and  that  Compsognathus,  as  Gegenbaur  and 
azley  have  shown,  is  a  Dinosaurian  reptile. 

Having  been  engaged  for  several  years  in  the  investigation  of 
naerican  Mesozoic  birds,  it  became  important  for  me  to  study  the 
aropean  forms,  and  I  have  recently  examined  with  some  care  the 
ree  known  specimens  of  Archaopteryx.  I  have  also  studied  in  the 
)ntinental  Museums  various  fossil  reptiles,  including  Compsognathus, 
bich  promised  to  throw  light  on  the  early  forms  of  birds. 
During  my  investigation  of  Archaopteryx,  1  observed  several 
laracters  of  importance  not  previously  determined,  and  I  have 
ought  it  might  be  appropriate  to  present  them  here.  The  more 
iportant  of  these  characters  are  as  follows  : — 

1.  The  presence  of  true  teeth,  in  position,  in  the  skull. 

2.  Vertebras  biconcave. 

8.  A  well-ossified,  broad  sternum. 

4.  Three  digits  only  in  the  manus,  all  with  claws. 

6.  Pelvic  bones  separate. 

6.  The  distal  end  of  fibula  in  front  of  tibia. 

7.  Metatarsals  separate,  or  imperfectly  united. 

These  characters,  taken  in  connexion  with  the  free  metacarpals, 
id  long  tail,  previously  described,  show  clearly  that  we  have  in 
rchaopteryx  a  most  remarkable  form,  which,  if  a  bird,  as  I  believe, 
certainly  the  most  reptilian  of  birds. 

If  now  we  examine  these  various  characters  in  detail,  their 
iportance  will  be  apparent.  The  teeth  actually  in  position  in  the 
:ull  appear  to  be  in  the  premaxillary,  as  they  are  below  or  in  front 
'  the  nasal  aperture.  The  form  of  the  teeth,  both  crown  and  root, 
very  similar  to  the  teeth  of  Hesperornis,  The  fact  that  some 
eth  are  scattered  about  near  the  jaw  would  suggest  that  they  were 
iplanted  in  a  groove.  No  teeth  are  known  from  the  lower  jaw, 
it  they  were  probably  present 

^  Bead  before  Section  D.,  British  Aasooiation,  at  York^  Be^i.  2sA^  Vi&l* 
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iiiiportaiit  point,  as  U  bns  beou  nh 
is  not  at  all  aviaD,  but  reptilia 
indeed  there,  but  tbey  have  eiretu 

One  of  the  most  iateresting  po 
gatioa  of  ArehcBopteryx  v/ae  the 
bonea.  In  all  other  known  adult 
pelvic  elements,  ilium,  ischium,  an 
joung  birds  these  bones  are  sepat 
reptiles  they  are  also  distinct 
clearer  by  roferring  to  the  two  c 
to  the  kindness  of  my  friend  Dr. 
who  also  gave  me  excellent  facilit 
under  bis  care.  In  the  first  diagr 
of  an  American  Jurassic  Dinosnu 
pelvic  bones  are  distinct  The  se 
of  the  pelvis  of  the  Archxopteryi 
too  tbe  ilium  is  seen  sei>srate  fron 

In  birds  the  fibula  is  usually 
co-ossified  with  the  side  of  the 
Igwxnodon,  for  example,  the  fibuli 
of  the  tibia,  and  tbia  is  exactly' 
interesting  point  not  before  seen  ii 

The  metatarsal  bones  of  Arc'ha< 
least,  deep  grooves  l>ctween  the 
the  latter  are  distinct,  or  unite  lat 
and  separate  pelvic  boues  would 
although  they  were  placed  closelv 
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As  the  Dinosaurta  are  now  generally  oonsidered  the  nearest  allies 
to  Birds,  it  was  interesting  to  find  in  those  investigated  many  points 
of  resemblance  to  the  latter  class.  Comp$ognathus,  for  example, 
shows  in  its  extremities  a  striking  similarity  to  jirchaopteryx.  The 
three-clawed  digits  of  the  manus  correspond  closely  with  those  of 
that  genus ;  althoagh  the  bones  are  of  different  proportions.  The 
hind  feet  also  have  essentially  the  same  structare  in  both.  The 
vertebrsB,  however,  and  the  pelvic  bones  of  Compaognathua  differ 
materially  from  those  of  ArchtBopieryXj  and  the  two  forms  are  in 
reality  widely  separated.  While  examining  the  Compaognathua 
skeleton,  I  detected  in  the  abdominal  cavity  the  remains  of  a  small 
reptile  which  had  not  been  previously  observed,  llie  size  and 
position  of  this  inclosed  skeleton  would  imply  that  it  was  a  foetus, 
but  it  may  possibly  have  been  the  young  of  the  same  species  ;  or  an 
allied  form,  that  had  been  swallowed,  ^o  similar  instance  is  known 
among  the  Dinosaurs. 

A  point  of  resemblance  of  some  importance  between  Birds  and 
Dinosaurs  is  the  clavicle.  All  birds  have  these  bones,  but  they  have 
been  considered  wanting  in  Dinosaurs.  Two  specimens  of  Iguanodon, 
in  the  British  Museum,  however,  show  that  these  elements  of  the 
pectoral  arch  were  present  in  that  genus,  and  in  a  diagram  before 
you  one  of  these  bones  is  represented.  Some  other  Dinoaauria 
possess  clavicles,  but  in  several  families  of  this  subclass,  as  I  regard 
it,  they  appear  to  be  wanting. 

The  nearest  approach  to  Birds  now  known  would  seem  to  be  in 
the  very  small  Dinosaurs  from  the  American  Jurassic.  In  some  of 
these  the  separate  bones  of  the  skeleton  cannot  be  distinguished 
with  certainty  from  those  of  Jurassic  Birds,  if  the  skull  is  wanting, 
and  even  in  this  part  the  resemblance  is  striking.  Some  of  these 
diminutive  Dinosaurs  were  perhaps  arboreal  in  habit,  and  the 
difference  between  them  and  the  Birds  that  lived  with  them  may 
have  been  at  first  mainly  one  of  feathers,  as  I  have  shown  in  my 
Memoir  on  the  Odoniomithea,  published  during  the  past  year. 

It  is  an  interesting  fact  that  all  the  Jurassic  birds  known,  both 
from  Europe  and  America,  are  land  birds,  while  all  from  the  Creta- 
ceous are  aquatic  forms.  The  four  oldest  known  birds,  moreover, 
differ  more  widely  from  each  other  than  do  any  two  recent  birds. 
These  facts  show  that  we  may  hope  for  most  important  discoveries 
in  the  future,  especially  from  the  Triassic,  which  has  as  yet  furnished 
no  authentic  trace  of  birds.  For  the  primitive  forms  of  this  class 
we  must  evidently  look  to  the  Palseozoic  rooks. 

lU. — ^NoTK  ON  A  Find  of  Homalonotus  in  Rbd  Beds  at  Torquay. 

By  A.  Champbbnownb,  M.A.,  F.G.S. 

THIS  fine  specimen,  which  has  been  so  faithfully  rendered  in 
two  views  by  Miss  G.  M.  Woodward,  was  found  by  me, 
together  with  portions  of  other  individuals  of  the  genus,  in  some 
red  finely-sandy  or  silty  beds,  interstratified  with  grits,  in  the 
Cutting  of  the  new  road  on  the  eastern  side  of  Lincombe  Hill 
at  Tor€[uay.    The  beds  are  traversed  by  a  coarse  cleavage  dipping 
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Bonth,  which  usnally  ignores  the  hard  grit  bands.  We  may  call 
them  for  the  preseut  Uie  "  Lincombe,  Warberry,  and  Smnggler'j 
Cove  grita,"  and  their  probable  «|invftleiilB  will  be  considered  shortly. 

Within  a  hundred  yards  west  of  the  spot  where  the  epecimen 
occurred,  this  sub-group  becomes  mnttleJ  with  light  colours,  brown 
grits  appearing,  and  passes  down  into  the  Meadfoot  series — properly 
so-called — but  in  the  opposite  direction  or  north-ea.stem  part  r>F 
Lincomlie  Hill,  the  red  bode  are  Been  to  be  syndined,  dipping  first 
N.  25=  W.  at  25^  and  then  S.  20°  E.  at  40". 

The  grita  of  the  Meadfoot  series  are  less  distinotly  quartzose, 
and  are  more  tenacious,  requiring  heavier  hammers.  If  we  imagine 
this  lower  group  coloured  red,  it  is  difficult  to  say  whether,  on  purely 
palreontological  grounda,  they  would  be  separable  from  the  upper, 
but  it  is  proljable  tbey  might  be. 

The  buff  and  brown  weathering  of  the  Meadfoot  beds  disappears 
with  depth,  as  the  heaps  shot  out  from  tbe  Torquay  drainage  works 
sjiow,  grits  and  shales  alike  being  of  a  blue-blaok  tint  (colouTi=d 
Tvitli  protoxides  ?) ;  whereas  red  or  pui-ple  beds  as  a  rule  are  so 
both  at  the  surface  and  in  depth. 

In  tbe  passage  beds  described  above,  I  hold  that  we  have  ft 
horizon  corresponding  in  genentl  terms  with  Ibal  between  the 
Hangman  and  Lyntun  Groups  of  North  Devon.  1  here  refer  the 
reader  to  a  concise  paper  by  Mr.  Tawney  on  this  subject'  The 
space  at  my  disposal  does  not  admit  of  many  words,  but  from  some 
of  his  conclusions  I  should  somewhat  differ.  He,  however,  reco^ 
nizes  that  the  red  beds  are  newer  than  the  Meadfoot  series,  against 
which  they  are  faulted  on  the  coast. 

If  now  we  look  abroad,  we  seem  to  gain  some  insight  into  the 
occurrence  of  red  sandstones  of  marine  origin  on  tbe  same  horizon 
in  tbe  Devonian  rocks.  In  tbe  Eifel  District  the  "  Homalonotus  Ked 
Flagstones, "  so  named  by  Murchison,  occupy  a  horizon  high  in  the 
Lower  Devonian  beds,  scarcely  removed  from  the  base  of  the 
Calceolen-schiefer,  and  the  bulk  of  the  Coblentsian  or  Ahrian,  the 
chief  home  of  the  Plettrodielyum  probtemalieun  (though  this  mnd- 
loving  Favositid  ranges  higher  in  tbe  series)  lies  below  them.  So 
again  I  should  venture  to  assume,  not  yet  having  seen  them,  that 
the  red  rocks  of  Bumot  (poudingne,  schiates  rouges  de  Vicbt,  etc.) 
occupy  a  similar  position  in  the  Devonian  rocks  of  Belgium.  It  is 
in  fact  difficult  to  escape  from  this  conclusion,  inasmuch  as  they 
overlie  the  Ahrian,  and  are  themselves  overlain  by  the  principal 
Devonian  shales  and  limestones.  M.  Moarlon'  estimates  tbem  at 
from  350  to  400  metres,  about  1230  feet,  a  thickness  fairly  com- 
parable with  the  Hangman  beds.  He  observes  that  "fossils  are 
very  rare  in  them,  as  with  other  Belgian  Devonian  beds  of  red 
colour,"  hut  adds  that  "M.  Firket  has  lately  found  at  Fraipont 
blocks  of  fossiliferouB  '  poudingue,'  containing  Slringoeephalua  Bartini 
end  Uncilet  Oryphue,  characteristic  fossils  of  the  limestone  of  Givet" 

'  Od   tbe   Occurrence  of  Fixiub   at  Smuggler's    CoTe,  Torquaj,   Beport  Der. 
Auociation,  1870,  p,  291. 
'  Geologia  de  li  Belgjqne,  toI.  i.  p.  68, 
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This  IB  a  ciroumstanoe  of  some  interest,  when  we  rememher  that  an 
upper  bed  of  our  Hangman  series  at  West  Challaoombe  Bay  con- 
tains StringocephaU  in  abundance,  as  I  have  seen  for  myself. 

The  Homalanoti  would  seem  to  lie  somewhat  lower  or  near  the  base 
of  the  presumed  equivalent  beds  in  South  Devon,  and  such  appear- 
ing to  be  their  geological  position,  it  is  a  question  of  classification 
whether  the  beds  shall  be  regarded  as  the  uppermost  of  the  Lower 
or  lowest  of  the  Middle  Devonian.  Mr.  Etheridge,  as  regards  the 
Hangmaoy  adopts  the  latter  view.  M.  Mourlon  classes  the  beds  of 
Bomot  with  the  Lower  Devonian. 

■  Mr.  Tawney's  Smuggler's  Cove  list  includes  ''  HomalonotuSf  n.sp. 
(moft  like  H,  Johannia  from  the  Wenlock  beds)."  With  his  list  the 
uMulfl  associated  with  the  Homalonoii  at  the  new  road  would  appeair 
to  tally,  though  they  are  in  a  bad  state  of  preservation.  They 
indnde: — 

OrtAootrat  (one  flpeoimen). 

MUopeila  (or  other  Gasteropod  with  the  aperture  entire : — 6-whorled). 

Cifprieardites  f  sp. 

Mj^Una  (small). 

TmUmnUitet  (not  common  as  quoted  by  Mr.  Tawney  from  Smuggler's  Cove). 

C^i^nHet  aordidaf  Phill.,  often  crowded  in  certain  layers. 

(Sob  additions  in  postscript  this  month,  p.  628.) 

.  At  Smuggler's  Cove,  with  Mr.  Le^,  we  found  in  reddish  schistose 
mnwee  slipped  from  the  cliff  many  casts  of  Orthiat  Spirt/era,  and 
I^Ubna  laUeoata.     The  bed  effervesces,  being  an  impure  limestone. 

Some  Lower  Devonian  beds  are  so  like  some  Ludlow  Rocks  (only 
red-8tained)y  and  with  flakes  of  greenish  clay  within  the  gritty  layers, 
ia  we  see  in  the  Usk  district  with  Holopella  and  Chonetea,  as  sorely 
to  try  the  faith  of  the  most  orthodox. 

We  can  claim  no  Foreland  beds  in  South  Devon,  the  Meadfoot  beds, 
equivalent  to  the  Lynton,  being  to  all  appearance  the  lowest  visible. 

IV. — ^NOTE   ON   A   NEW  EnGLISU   HoMALOXOTUS   PROM   THE  DEVONIAN, 

Torquay,  S.  Devon. 

By  Henry  Woodward,  IL.D.,  F.R.S.,  F.G.S. 
(PLATE    XIII.) 

THE  fossil,  which  forms  the  subject  of  our  Plate,  is  a  most 
welcome  addition  to  our  list  of  Middle  Devonian  fossils,^  and  I 
am  much  indebted  to  my  friend  Mr.  Arthur  Champernowne,  F.G.S., 
for  the  opportunity  of  describing  it. 

This  fine  Trilobite  is  rather  larger  than  the  celebrated  Homa- 
lonoiuB  ddphinocephalua,  Green,  from  the  Wenlock  Limestone  of 
Dudley,  but  although  somewhat  distorted  by  slaty  cleavage,  it  can 
readily  be  seen  that  the  Torquay  fossil  is  referable  to  Mr.  J.  W. 
Salter's  section  of  Homalonoii  with  apineSy  which  he  named  Burmei- 
aterict.  This  division  includes  all  those  species  having  the  body 
"  elongate,  convex ;  head  triangular ;  eyes  approximate  on  gibbous 
cheeks.  Glabella  distinct,  lobeless,  sinuous.  Thorax  slightly- 
lobed  and  spinous,  as  is  also  the  many-ribbed  pointed  tail.  (Type 
H,  Heraehetli)  Devonian." 

^  S«»  ^OMUeripi  to  this  article  with  list  of  additional  fossilB  giTea  on  p.  528. 
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This  HeotSon  of  Bomalonoti  ie  interesting  oa  aooount  of  i(a  wide 
distribution,  as  may  bo  aeen  by  the  following  Hat : — 

i.  Bomalonotiu  HerichtUi.  MuTch,.  DeTomun,  Soath  Africa. 

2.  „  armalai,  Bumi.  „  Eifel,  Ithi'iii«h  Prmuia. 

3.  „  ehmfniui,  SaltOT.  „  Soutb  Devon. 

4.  ,,  PradoaHui,  He  Vom.       „  Spnm. 

The  species  described  by  Mr.  Salter  from  the  Lower  Devonian, 
Meadfoot  Sands,  S.  Devon,  as  Hovialonotiu  elongatta,  U  founded 
upon  a  tail  only,  remarkable  even  in  this  elongnCed  genus  for  iU 
lengthened  shape.  A  careful  study  of  JI.  elongaliu.  Salter  (given 
on  plate  x.  figs.  1  and  2,  of  Mr.  Salter's  Monograph,  Pal.  Soc.  1S65, 
part  it.,  British  TriIobit«s,  p.  122),  leads  me  to  conclude  that  Mr, 
Oijanipemowne's  fossil  oannot  have  belonged  to  this  species.  For 
iu  all  the  Bomalonoti,  the  thoracic  somites  pass  by  an  almost 
insensible  grailntion  into  the  tail-portion,  with  little  or  no  change 
in  the  style  of  ornamentation  between  the  free  and  moveable  ribs 
of  the  thorax  and  the  consolidated  caadal  series.  The  uniqne 
specimen  of  IT.  elongala*  in  Mr.  Townsbend  Rail's  Collection  is 
very  strongly  trilobed,  and  appears  to  have  had  four  pairs  of  spines 
ftlniig  its  median  axis,  and  two  pairs  upon  the  lateral  portions.  Mr, 
Ciianipernowne'a  specimen  bns  little  or  no  signs  of  trilobalion, 
being  in  this  respect  very  like  in  form  to  the  Bomalonotiu  BergchdU 
from  the  Cape,  and  S^  delphinocephalu*  from  Dudley. 

Although  but  a  oast,  from  whioh  all  trace  of  the  actual  shell  has 
disappeared,  the  pseudomorph  shows  that  this  species  had  thirteen 
free  and  moveable  thoracio  ribs  with  broadly  expanded  pleurs 
each  armed  with  a  pair  of  spines  placed  about  one  inch  apart  and 
forming  two  parallel  rows.  The  glabella  is  oblong  and  has  three 
pairs  of  spines  placed  on  the  lateral  portion  and  three  along  the 
median  lino,  of  which  the  most  anterior  appears  to  have  been 
double.     There  is  no  evidence  of  any  cheek-spines. 

The  eyes  appear  to  be  situated  nearer  to  the  genal  bolder  than  in 
H.  armalM,  and  the  rostrum  is  rather  more  prominently  developed. 
If  we  assume  the  tail-portion  when  perfect  to  have  been  two  inches 
(which  is  fully  within  the  relative  proportions — judging  from  many 
other  species),  this  would  give  the  Torquay  specimen  a  length  of 
8  inches  and  a  breadth  measured  along  the  curve  of  the  thorax  at 
its  widest  part  of  3|  inches. 

The  Eifel  species  {B.  nrmafut)  is  relatively  broader  and  shorter, 
measuring  6  inches  in  length  by  3  inches  across  the  widest  part  of 
the  thorax. 

The  fossil  displays  almost  better  than  any  other  specimen  I  have 
seen  the  beautiful  cardinal  or  hinge-like  joints  by  which  the  segments 
of  the  thorax  are  articulated  with  one  another;  precisely  the  same 
in  construction  as  the  binges  in  the  jointed  somites  of  the  tail  of  a 
living  lobster.     (See  Plate  XIII.  B.  eide-view.) 

After  careful  comparison  with  the  other  species,  I  am  led  to  con- 
clude, from  the  position  of  the  eyes,  the  spines  on  the  head,  the 
proportions  of  the  thoracio  somites,  and  the  relative  size  of  the  fossil 
as  compared  with  its  two  nearest  allied  forms,  K  armatus  and  B. 
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HerseheUi,  that  it  is  specifically  distinct  from  either  of  these  spinose 
species  of  Homalonoii,  and  also  from  H,  elongatus,  as  already  stated. 
I  have,  therefore,  mach  pleasure  in  dedicating  this  new  Devonian 
Homalonotua  to  the  discoverer  as  H,  Champemowneiy  sp.  nov.,  from 
the  Lincombe  and  Warberry  Grits,  New  Cut,  Torquay  ;  which  are 
probably  the  equivalent  of  the  Hangman  Grits  and  of  the  Homalo- 
notus  red  flagstone  of  the  Eifel. 

V. — Notice  of  New  Fish  Remains  prom  the  Blagkband  Iron- 
stone OF  Borough  Lee,  near  Edinburgh.    No.  II.^ 

By  Dr.  R.  H.  Tbaquair,  F.R.S.,  F.G.S. 

Oryphiolepis,  gen.  nov. 

CBANIAL  structure  typically  palBBoniscoid,  with  wide  gape  and 
oblique  suspensorium ;  teeth  conical,  sharp,  incurved,  of 
different  sizes,  larger  alternating  with  smaller.  Fins  palasoniscoid, 
fulcrated ;  dorsal  nearly  opposite  the  interval  between  the  ventrals 
and  the  anal ;  caudal  powerfully  heterocercal,  deeply  cleft,  inequilo- 
bate.  Body-scales  thin,  rounded,  but  seldom  symmetrically  so, 
deeply  imbricating;  their  external  free  or  ganoid  aresB  distinctly 
marked  off,  and  sculptured  with  closely  set  ridges  which  are  appa- 
rently tubular  internally.  Scales  of  the  caudal  body-prolongation 
of  the  usual  pakeoniscoid  contour. 

Cryphioleph  striatus,  Traq. 
Ccdacanthus  atriatuSf  Traq.     Geol.  Mag.  Jan.  1881. 

A  few  weeks  ago,  I  was  somewhat  startled  by  the  discovery  that 
the  scales,  to  which  in  the  Geological  Magazine  for  January  of 
this  year,  I  gave  the  name  of  Coelacanthua  atriatusj  belonged,  not  to 
a  Ccelacanihu8  at  all,  but  to  a  fish,  in  other  respects,  of  typically 
PalsBoniscid  structure  1  The  error  was  no  doubt  a  serious  one,  but 
also  one,  which  I  think  any  one  who  looks  at  the  detached  scales, — 
thin,  rounded,  deeply  imbricating,  and  delicately  striated  on  their 
free  surfaces,  as  they  are, — will  readily  be  disposed  to  excuse.  As 
it  is,  our  knowledge  of  the  British  PalsBOzoic  fauna  is  enriched  by 
the  addition  of  a  remarkably  aberrant  form  of  Palaoniacida,  and  one 
which  shows  not  only  how  dangerous  it  may  be  to  found  conclusions 
on  fragmentary  remains,  but  also  how  small  may  be  the  systematic 
value  of  the  mere  external  shapes  of  the  scales  of  Ganoid  Fishes. 

The  firat  specimen  which  opened  my  eyes  to  the  true  nature  of 
the  fish  in  question,  was  a  fragment  showing,  attached  to  a  mass  of 
the  scales  of  the  supposed  CcelacanthuSy  a  ventral  and  anal  fin  of 
distinctly  Palseoniscid  structure,  along  with  a  few  rays  of  the  caudal. 
Anteriorly  is  found  a  mandible,  whose  form,  sculpture,  and  dentition 
at  once  throws  light  upon  certain  detached  mandibles,  which  I  had 
previously  obtained,  and  supposed  to  belong  to  a  new  species  of 
Elom'chthys.  The  next  specimen  was  more  perfect,  and  showed  the 
entire  figure  of  the  fish,  with  head  and  tail,  and  all  the  fins,  save 
the  pectoral,  in  a  tolerably  good  state  of  preservation. 

*  For  Part  I.  see  Geol.  Mao.  January,  1881,  pp.  34-37. 
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Tliis  more  perfect  specimea  measures  altogetlier  5  inobes  in  length 
hy  2^  ia  greatest  depth  at  the  ventral  fins ;  the  shape  of  the  boJf 
is  thus  deep  and  oveid,  but  the  appearance  of  the  head  and  tha 
jumbled  oondition  of  the  scales  leave  roam  for  suspicion  that  its 
projiortions  may  be  somewhat  shortened  up  by  poat-mortetu  diafor- 

Tho  bones  of  the  head  ftre  not  in  a  very  good  state  of  preservation, 
yet  they  show  quite  enough  to  prove  in  an  uumistakeable  way  their 
typically  palffloniscoid  arrangement.  The  hyomandjbular  suspenso- 
rium  is  very  oblique,  the  gape  proportion  ably  wi<le.  The  maxilla  is 
in  shnpe  very  like  that  of  Ootmoptychim  ttrialas,  and  like  it  has  its 
broad  portion  marked  with  fins  closely  set  ridgcB,  mostly  parallel 
with  its  upper  and  jrosterior  margins.     The  mandible  is  here  badly 

K 'served,  though  the  mouth  is  seen  lying  pretty  widely  opeiu 
toched  denlary  bones  in  my  oollection  are  about  an  inch,  aome- 
times  a  little  more,  in  length ;  stout,  and  tapering  anteriorly ;  tha 
depth  behind  being  J,  and  near  the  aymphysis  tV  of  entire  length ; 
the  outer  surface  is  ornamented  with  ralber  fine,  closely  set  ridges, 
which  are  paraliel  with  the  lower  but  oblique  to  the  upper  mai^n  of 
the  bone  ;  the  upper  margin  itself  is  set  at  ehort  intervals  witb 
Btouf,  Clinical,  pointed  and  incurved  teeth,  between  which  may  be 
observed  others  of  smaller  size,  and  more  eztemall;  placed.  The 
opercular  bones  are  ill  preserved  though  evidently  arranged  ia 
paliBoniBcid  fashion ;  the  clavicle  is  of  tiie  form  prevalent  in  this 
family,  and  ia  externally  ornamented  with  ridges,  which  are  coarser 
than  those  of  the  facial  bones. 

Tlie  ventral  fin,  of  considerable  size  and  consisting  of  nnmerouB 
closely  set  rays,  is  of  the  usual  acuminate  form  ;  the  dorsal  is  very 
imperfect,  but  its  position  is  clearly  seen  to  be  nearly  opposite  tfae 
interval  between  the  ventrals  and  the  anal ;  the  latter,  tJiough  the 
extremities  of  its  anterior  rays  are  broken  up,  is  evidently  of  the 
ordinary  paleeoniecid  shape,  triangular-acuminate  and  falling  away 
rapidly  behind.  The  rays  of  the  lower  lobe  of  the  caudal  are 
likewise  broken  up  towards  their  extremities,  and  those  of  the  upper 
have  their  joints  altogether  dislocated  and  jumbled,  but  the  typically 
palteoniscid  configuration  of  the  fin  is  unmistakeable,  being  strongly 
heteroceroal  with  well-preserved  body -prolongation,  deeply  cleft  and 
doubtless  considerably  inequilobate.  The  rays  of  all  the  fins  are 
numerous,  closely  set,  and  divided  by  transverse  articnlations,  which 
leave  the  joints  rather  longer  than  broad  ;  their  outer  Burfaoes  ara 
brilliantly  ganoid,  and  ornamented  by  a  few  longitudinal  grooves, 
whioh  in  the  rays  of  the  upper  lobe  of  the  caudal  are  numerous  and 
close  enough  to  form  a  regular  atriation. 

The  caudal  body -prolongation  ia  bordered  above  by  a  row  of 
acutely  pointed,  strongly -striated  V-soales ;  those  olotbing  its  sides 
also  conform  to  the  ordinary  palceoniscid  type,  being  minute, 
acutely  lozenge -shaped,  and  externally  nearly  smooth,  being  orna- 
mented only  by  one  or  two  longitudinal  grooves. 

But,  on  the  tail  pediole,  and  over  all  the  rest  of  the  body  the 
scales  are  thin  and  of  a  rounded  shape,  though  it  must  also  be 
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observed  that  in  few  cases  are  they  qnite  symmetrically  rounded, 
there  being  usually  more  or  less  of  a  peculiar  obliquity  of  form, 
which  reminds  us,  to  some  small  extent,  of  the  rhombic  contour 
of  the  ordinary  palseoniscid  scale.  On  their  attached  surfaces  these 
scales  are  smooth,  and  perfectly  destitute  of  the  vertical  keel, 
articular  spine  and  socket  found  in  ordinary  Palaontscida  and  in 
most  other  rhombic  scaled  Ganoids.  The  outer  surface  shows 
posteriorly  a  free  ganoid  and  sculptured  area,  occupying  about  i 
of  the  entire  space,  the  remaining  covered  portion  being  dull  and 
marked  with  very  delicate  concentric  lines  of  growth.  The  exposed 
area  is  covered  with  fine,  brilliantly  ganoid  ridges,  raised  above 
the  general  surface,  closely  set,  subparallel,  and  proceeding  to  the 
posterior  margin  without  convergence;  they  are  frequently  inter- 
calated, but  more  rarely  appear  to  bifurcate.  When  examined  by 
a  hand  lens,  these  ridges,  where  the  surface  is  abraded,  appear  to  be 
hollow  internally  with  only  a  very  thin  external  covering,  their 
tubular  interiors  being  filled  with  white  carbonate  of  lime,  but  I 
have  not  yet  had  the  opportunity  of  subjecting  the  structure  of  the 
scales  to  examination  by  the  compound  microscope. 

Remarks, — The  occurrence  of  a  palseoniscid  fish  with  rounded 
imbricating  scales,  though  new  to  British  rocks,  is  not  altogether 
new  to  science.  Already  in  1875  Prof.  Anton  Fritsch,  of  Prague, 
had  discovered  in  the  Lower  Permian  Gas  Coal  of  Kounova,  in 
Bohemia,  a  small  fish  he  thus  briefly  noticed. — 

"  (Nov.  gen.)  Kounoviensis. — 1st  eine  neue  Gattung  von  Fischen, 
die  bei  dem  Gesammthabitus  eines  PalcBoniscus  mit  Cycloiden- 
Schuppen  versehen  ist.  Die  Schwanzflosse  ist  heterocerc,  die 
KiefeAi  mit  grossen  spitzen  Ziihnen  versehen.  Die  Gesammtlange 
betriigt  10  cm.  Der  Hohe  nach  sind  12  Schuppenreihen  der  Lange 
nach  etwa  50."  *  For  this  new  and  interesting  genus  Prof.  Fritsch 
afterwards  proposed  the  name  Sphcerolepia, '  stating  that  the  scales 
are  "  kreisrund,"  but  I  am  not  aware  of  his  having  as  yet  published 
any  full  generic  or  specific  diagnosis  of  the  fish.  Accordingly,  with 
a  view  of  ascertaining  the  generic  relationship  of  the  above  described 
Carboniferous  fish  to  the  Bohemian  Sphcerolepia,  I  have  carefully  ex- 
amined a  specimen  of  the  latter,  which  the  British  Museum  obtained 
some  years  ago  from  Prof.  Fritsch  himself.  Naturally,  however,  I 
feel  great  reluctance  and  delicacy  as  to  entering  into  any  detail  as  to 
Prof.  Fritsch's  fish,  before  he  has  himself  overtaken  its  complete 
description  and  illustration  in  his  magnificent  work  on  the  Vertebrata 
of  the  Bohemian  Permian  Gas  Coal  and  Limestones,  now  in  course 
of  publication.  It  will  be  quite  sufficient  to  state  that  the  symmetrical, 
and  consequently  more  typically  "  cycloidal  "  contour  of  its  scales, 
and  the  apparent  absence  of  a  sharply  defined  area  with  peculiar 
tubular  ridges,  together  with  other  points,  seem  to  me  to  be  ample 
justification  for  erecting  the  Borough  Lee  fish  into  a  separate  genus. 
For  this  I  propose  the  term   Cryphiolepis^  on  account  of  the  decep- 

1  Sitzungsboricbte  der  k.  bohm,  Gesellsch.  der  Weiss,  19  March,  1875. 
>  lb.  Jan.  1877,  also  March,  1879. 
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tive  nppeaiaDce  of  the  scales  when  found  in  an  isolated,  or  detacbed 
oondition. 

Geologieal  Poiilion  and  Locality. — Id  the  Blackhand  Ironetone  of 
the  Middle  Carhoniferoua  Limestone  Series,  worked  at  Borough  Lee, 
near  Edinbui^h. 
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IRISH  land,  which  has  bo  long  puzzled  our  Btatesmen,  proves  to  be 
e()ually  perplexing  to  our  geologists.  The  melaniorphic  rooka 
have  excited  much  controversy,  and  new  problems  are  emerging. 
Prof.  Hull '  claims  to  have  found  Laiirenttana  in  Donegal,  Galway, 
and  intermediate  localities,  while  Mr.  Kinahan,  in  this  Maoazimb,* 
sums  up  the  evidence  for  the  old  opinions.  As  I  have  recently 
studied  one  of  the  arena  referred  to  by  the  latter,  I  auhrait  a  few 
comments  on  a  part  of  his  paper,  I  am  much  indebted  to  him  for 
the  very  kind  and  conrteous  manner  in  which  he  abridged  my 
work  by  indicating  the  most  important  eectinns.  and  regi'et  that  I 
must  ungratefully  repay  the  obligation  by  differing  widely  from  hia 

Mr.  Kinahan  utters  a  very  just  caution  against  attaching  undue 
imporiance  to  iithological  cboractera.  Lithology  must  undoubtedly 
be  subordinate  to  petrology.  But  the  Archfean  geologists  are  quite 
justified  in  accepting,  with  due  precautions,  the  guidance  of  lithology, 
when  petrology  is  not  available. 

The  paragraph  (p.  427)  in  Mr,  Kinahan'e  paper  which  I  venture 
to  criticize  runs  thus  : — "  The  rocks  of  the  Carnsore  or  S.E.  W»iford 
district  I  have  very  carefully  worked  out,  and  to  me  it  appears  that 
northward  and  westward  they  gradually  merge  into  unmetamorphic 
rocks ;  and  in  the  latter  are  found  Oldhamia,  a  Cambrian  fossil." 
These  words  call  for  special  comment,  because,  as  it  appears  to  me, 
they  express  a  fallacy  of  observation  which  has  led  to  veiy  erroneous 
conclusions.  The  argument  mainly  runs  upon  the  words  "  gradually 
merge."  I  shall  endeavour  to  show  that  the  facts  of  the  case  can 
only  he  met  by  inserting  "  do  not  "  before  "  gradually." 

It  has  been  frequently  assumed  that,  if  a  metamorphio  rock  lies 
near  unaltered  beds  whose  age  is  determined  by  fossils,  the  former 
must  be  an  altered  portion  of  the  latter  series.  The  possibility  that 
the  two  rocks  wei-e  brought  together  by  faults  has  not  received  due 
attention.  In  the  Survey  Map  of  Anglesey,  as  I  have  shown  in  this 
Magazine  and  elsewhere,  the  same  beds  are  in  one  place  coloured 
"  Cambrian  "  and  in  another  "  Silurian,"  simply  because  they  were 
locally  associated  with  those  groups  ;  whereas,  on  a  closer  examina- 
tion, the  junctions  between  the  alt«red  and  unaltered  series  were 
invariably  seen  to  be  faults.  I  contend  that  the  same  oversight  has 
vitiated  the  published  work  on  the  geology  of  Wexford. 

The  Survey  Map  of  the  Carnsore  area  represents  three  parallel 

'  British  Aesociatioii,  1881  ;   and  preTiouslj  in  Kalvre. 
"  Seplembei,  1881 ;  also  British  Aasociatioa,  1S31. 
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bands  striking  to  the  west-south-west,  and  respectively  oonsisting, 
taking  them  ^m  south  to  north,  of  (1)  granite,  (2)  metamorphio 
schist,  and  (3)  unaltered  Ordovician.  This  arrangement,  if  accepted, 
would  seem  to  lend  some  support  to  Mr.  Kinahan's  opinion  of  a 
gradual  passage  hetween  the  granite  and  the  Ordovician,  or,  accord- 
ing to  his  more  recent  view,  Cambrian.  But  the  three  unbroken 
strips  of  colour  do  not  truly  represent  the  facts.  It  would  be  more 
correct  to  describe  the  district  as  a  mosaic  of  irregular  fragments. 
The  ground  is  scored  with  faults,  some  of  them  so  close  together 
that,  within  an  acre,  at  least  three  formations  sometimes  crop  to  the 
snrface.  The  broken  nature  of  the  district  is,  indeed,  recognized  by 
Mr.  Einahan  in  the  "  Survey  Memoir,"  and  in  his  "  Geology  of 
Ireland;"  but  he  nevertheless  maintains  that  there  is  a  passage 
between  the  metamorphio  and  the  unaltered  rocks,  though  no  clear 
case  of  transition  is  recorded  in  his  works,  and  all  the  facts  I 
observed  in  the  field  were  inconsistent  with  such  a  supposition. 
But  some  details  must  be  given. 

Garnsore  Granite. — ^There  are  two  points  to  be  considered  here. 
First,  is  the  rock  metamorphio  or  igneous?  Mr.  Kinahan  affirms 
that  it  is  metamorphio,  with  igneous  intrusions.  Of  the  former 
point  I  could  find  no  proof.  I  searched  the  coast  section  from 
Camsore  Point  to  the  most  northerly  limit  of  the  granite  band,  as 
indicated  on  the  map,  and  could  detect  no  trace  of  anything  but 
undoubted  igneous  granite.  I  examined  the  ground  for  some 
distance  inland,  and  searched  dozens  of  stone  walls,  but  the  result 
was  the  same.  The  rock  is  perfectly  crystalline,  and  is,  indeed, 
porphyritic,  large  prisms  of  felspar  being  thickly  scattei'ed  through 
the  matrix.  If  metamorphio  granite  occurs  in  mass,  it  is  singular 
that  in  so  limited  an  area  it  should  be  so  difficult  of  detection, 
especially  as  I  searched  all  the  localities  in  which  Mr.  Kinahan 
states  that  foliation  occurs.  There  is,  however,  plenty  of  parallel 
jointing,  which  may  have  been  taken  for  bedding. 

Seeond,  does  the  Camsore  granite  pass  into  the  schistose  band  ? 
Of  this  no  proof  is  even  adduced.  No  sections  are  given  or  localities 
named.  We  have  nothing  but  the  general  statement  that  the  granite 
graduates  through  schist  and  ''submetamorphic"  rocks  into  unaltered 
Cambrian.  Very  few  exposures  oo(iur  near  the  line  of  junction,  but 
I  found,  about  200  yards  north  of  the  line,  south-east  of  Lady's 
Well,  a  thin-bedded  dark  gneiss  with  garnets,  a  rock  which  certainly 
bore  no  signs  of  a  character  intermediate  between  porphyritic  granite 
and  the  schists  of  the  second  band.  Indeed,  this  gneiss  is  far  less 
granitoid  than  some  beds  which  occur  much  further  from  the  granite. 
The  granite  of  the  Saltee  Islands,  which  I  did  not  examine,  is  also 
said  to  be  metamorphio,  but,  as  it  lies  several  miles  south  of  the 
second  or  schistose  zone,  it  is  obvious  that  it  is  of  no  use  for  our 
purpose. 

Metamorphio  Band. — This  zone  is  about  one  mile  wide,  striking 
west-south-west  to  Crossfarnoge  Point.  The  rock  is  typically  a 
greenish  chloritic  gneiss,  spotted  with  grains  of  felspar.  It  some- 
times varies  into  chlorite  schist,  and  is  often  intertbliated  with 
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felspalbio  or  quartzo-felcpatbic  seams.  Tlje  clilorite  variety  is 
BomeLinies  so  fine-grained  as  to  reeenible  a  slate,  but,  even  Boder 
tbe  pocket-lenH,  it  is  seen  to  be  a  true  foliatt^d  sohist. 

According  to  liypothesit',  tliesa  Bobisls  sboultl  ^niluate  into  the 
"  submetnmorphic  "  rocks,  but  of  this  paasaf^e  there  is  no  aatisfaotor; 
prtiof.  In  the  immediate  Carnsore  district  there  are  no  junction 
sections.  The  Survey  Map.  indeed,  representa  tlie  two  groups  ia 
contact  north-east  of  Ballytrent  House;  but,  after  a  careful  ex- 
amination of  tbe  section,  ]  oould  find  no  trace  of  the  loss  altered 
series.  Tlie  rocks  are  here  very  cleariy  exposed  in  tbe  shore  for 
about  half  a  mile,  the  junction  being  placed  on  the  Map  in  about 
the  middle  of  the  xeotion.  The  facts  do  not  justify  this  aeparation. 
Tbe  whole  series  is  truly  melamorphic,  consisting  of  tbe  typ^  I 
have  described,  Tbe  grpen  slaty -looking  bands,  which  are  frequently 
intpFcalated  with  gneisaose  beds,  have  apparently  b<*en  mistaken  for 
the  rocks  of  the  '■  submet amorphic  "  group,  from  which  they  widely 
di&er  in  their  degree  of  metamorphism.  These  green  rooks  are 
thoroughly,  though  minutely,  cryatnlline;  whereas  tbe  "subnteta- 
morphiu  "  group  is  typically  a  felspatbic  slate  in  which  mctamorphiMii 
docH  not  advance  beyond  the  incipient  stage. 

Seven  miles  to  tho  west-south. west,  near  Tom  Haggard,  we  fitid 
tbe  two  series  in  contact,  but  there  are  no  signs  of  a  passage,  and 
the  junction  has  all  the  appearances  of  a  fault.  Northof  the  junction, 
we  find  nothing  but  pale-green  slates,  with  here  and  there  some 
gritty  bands.  I  traced  the  succession  for  about  two  miles  across  the 
"submetamorphic"  zone.  Sometimes  the  rocks  bore  slight  traces 
of  foliation,  but  the  alteration  occurred  at  irregular  intervals,  and 
did  not  increase  towards  the  junction  with  the  metaroorphic  series. 
Tbe  slates  stopped  abruptly  on  the  north  side  of  a  slight  depression, 
and,  immediately  to  the  south  of  the  hollow,  we  oome  to  gneiss  and 
chlorite  schist,  with  no  trace  of  tbe  slate  series. 

Both  types  are  well  seen  on  the  shore  north  of  Qreenore  Point 
with  their  ordinary  lithological  characters.  Masses  of  gneiss  and  of 
green  slato  lie  side  by  side,  but  in  no  case  could  I  find  a  passage 
between  the  two.  In  one  spot,  near  tbe  Point,  they  occur  on  exactly 
the  same  strike,  tbe  beds  of  the  slate  seeming  to  be  a  continuation 
of  the  gneiss  ;  but  there  is  no  merging  of  tbe  one  into  the  other,  and 
tbe  junction  is  clearly  a  fault.  In  another  place,  a  mass  of  red 
sandstone  is  let  in  between  two  areas  of  gneiss  and  slate  lying  on 
the  same  strike. 

I  was  so  satisfied  in  tbe  Carnsore  district  that  the  two  formations 
were  brought  together  by  faults,  that  I  thought  it  unnecessary  to 
examine  the  section  at  Crossfamoge  Point,  especially  as  Mr.  Da 
Koyer's  Map  quite  bears  out  my  views.  At  the  north  end  of  this 
Map  is  an  area  of  "  submetam Orphic  rocks,"  bounded  on  the  south 
by  a  "gabbro  dyke."  South  of  the  dyke,  Mr.  Du  Noyer  represents 
"gneiss  alternating  with  schist,"' " granit<nd  gneiss,"  and"gneiM, 
with  some  schist  bands,"  a  description  which  agrees  very  well  with 
what  I  saw  on  the  same  strike  near  Ballytrent  House.  Mr.  Kinahan, 
indeed,  represents  the  case  Boraewbat  difierently.    Mr.  Du  Noyw's 
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*'  schists  **  he  calls  "  ariipllites,"  and  he  supposes  they  are  the  same 
as  the  "  sabmetamorphic  rocks "  north  of  the  dyke ;  but  as  he 
himself  describes  his  **  argillites  "  as  **  prinoipally  taloose  and  hom- 
blendiCy"  it  is  obvious  that  they  cannot  be  identical  with  the  slates 
of  the  "submetamorphic''  series,  which,  though  sometimes  slightly 
talcose  (or  chloritic),  are  never  homblendic. 

"  LowBB  SiLUBiAN  "  ZoNi. — This  band  (6  2)  occupies  tlie  country 
between  the  metaniorphic  zone,  and  the  Carboniferous  band  south 
of  Wexford.  From  Mr.  Kinahan's  later  works,  I  understand  he  has 
modified  his  original  opinion,  and  has  adopted  a  Cambrian  age  for 
the  rocks.  I  believe  it  will  be  found  that  four  distinct  formations 
are  represented  within  the  area. 

(1)  Ordovician. — Grey  shale,  grit,  and  conglomerate,  near  Tagoat, 
with  Orthis  Actonia  and  0.  teatudinaria.  Black  and  grey  shales  at 
Bannow.  These,  the  ordinary  types  of  the  district,  show  their 
affinity  with  the  Bala  series,  not  only  in  their  fossils,  but  by  their 
olose  lithological  resemblance. 

(2)  Cambrian  (Longmifnd). — ^The  prevailing  types  are  pale-green, 
red,  and  purple  clay-slates.  They  are  well  seen  on  the  shore  at 
Bannow,  and  are  said  to  contain  Oldhamia.  Tliey  are  true  argilla- 
ceous deposits,  and  are  easily  distinguishable  from  the  felspathic 
slates  of  the  "  submetamorphic  "  group.  Considering  the  great  dis- 
tance between  the  two  areas,  their  resemblance  to  the  Salopian  types 
is  very  striking.  In  an  examination  of  the  localities  where  they  are 
said  to  pass  into  "submetamorphic"  rocks,  I  failed  to  find  the  slight- 
est foundation  for  such  a  conclusion.  The  Cambrian  is  as  unaltered 
as  in  the  Longraynd  Hills,  while  the  felspathic  series  usually  exhibits 
a  slight  glaze  iudicative  of  incipient  metamorphism,  and  sometimes 
contains  beds  of  homstone. 

(3)  Hypometamorphic  series,  —  As  these  rocks  are  everywhere 
faulted  against  other  formations,  petrology  famishes  us  with  no 
proof  of  their  age.  They  are  quite  unlike  Ordovician  and  Cambrian, 
both  in  mineral  characters  and  state  of  alteration.  At  the  same  time, 
their  resemblanoe  in  both  points  to  the  Pebidian  rocks  of  Anglesey 
is  very  marked.  It  is  difficult  to  present  the  full  force  of  this  argu- 
ment on  paper,  but  after  several  months'  close  study  of  the  Welsh 
types,  my  examination  of  the  Wexford  rocks  produced  a  very  strong 
opinion  of  the  identity  of  the  two  series.  The  prevailing  rock  in 
both  areas  is  the  pale-green  altered  felspathic  slate.  Similar  grits 
and  homstones  also  occur.  Bands  of  quartzite,  which  are  not  usual 
in  Pebidian  rocks  in  England  and  South  Wales,  are  found  in 
Anglesey,  and  more  conspicuously  in  the  Wexford  district.  Any 
inference  from  the  strong  lithological  affinities  here  indicated  could 
not,  of  course,  withstand  clear  stratigraphical  evidence,  but,  as  such 
proof  is  wanting,  lithology  affords  a  high  probability  of  contempo- 
raneity. 

(4)  Metamorphic  series. — ^Here  also  petrology  is  of  little  service, 
and  lithology  is  again  almost  the  only  available  guide.  Comparing 
these  rocks  with  our  known  gneissic  formations,  the  Lewisian  and 
the  Anglesey  group,  presumably  Dimetian,  the  resemblance  to  the 
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latter  \%  much  tbo  closer.  ITie  green  clilorite  schists,  which  are  fO 
ninrkeil  a  fiviture  in  Anglesey,  are  ftlmost  equally  eonBpicuoua  in  iJie 
Camsore  area;  while  the  gneiBfiose  and  gi-onitoiil  types  are  alau 
Bimilar  in  both  localities.  In  Anglesey,  howOTer,  granitoid  rook 
forois  a  thick  band  at  the  summit  of  the  series,  while,  in  Wexfor*!. 
gratiitoid  Beams,  usually  of  no  great  tliickness,  are  intercalated  wiih 
the  green  schieta.  It  Ib  also  to  be  observed  that  if  the  strike  of  the 
Anglesey  schist  were  produced  to  the  south-west,  it  would  pass 
tliruugh  the  Camsore  district.  The  massive,  highly  crystalline 
chsrncter  of  the  Lewisian  gueiss.  together  with  the  predominance  of 
bornblendio  aud  micaceous  ooustitueuta,  strongly  distinguishes  it 
&om  the  Camsore  schists. 

These  four  types,  Ordovician,  Cambrian.  Pebidian,  and  (?)  Dimetian, 
are  represented  in  this  narrow  band.  All  the  groups  have  a  pre- 
vailing strike  to  the  west-south-west,  but  wherever  observed,  and 
sections  described  as  critical  were  selected,  there  were  no  indicatious 
of  a  passage  between  any  two  of  the  formations. 

I  have  recognized  the  Pebidians  in  olher  parts  of  Lcinster,  but 
their  description  lies  beyond  the  scope  of  the  present  paper.  It 
may  jierhaps  be  hoped  lliFit  the  iliscovory  of  this  new  Bevies  in 
Ireland  will  clear  np  some  difficnities.  The  lithology  of  these  rocks 
has  obviously  perplexed  Irish  geologists,  and  they  have  been  referred 
to  more  than  one  formation.  Their  distinct  mineral  characten 
should,  however,  enable  their  distribution  to  be  determined. 

1  had  not  intended  to  publish  anything  on  Irish  Archcean  geol<^ 
nntil  I  had  visited  other  districts,  but  Mr.  Kiuahan's  challenge 
seemed  to  call  for  reply,  and  I  have  ventui'ed  to  contribute  from  my 
notes  such  facts  as  bear  upon  his  views. 

VII. — Note  ok  thb  Gehbric  Dibtihotness  o?  Pvrpuroidsa  and 

PVHPUKA,  WITH  ReMARBS  UPON  TEE  PcBPL'ROID  ShELLS  FIOURBD 

IN  THE  Gkol.  Maq.  Plate  VIII.  Dbcadb  II.  Vol.  VII.  1880. 
Bjr  John  Lycett,  L.E.C.P.E.,  snd  M.B.C.S.  Engl. 

THE  genus  Purjjuroidea  was  described  by  me  in  1848  from  three 
speoies  in  the  Qreat  Oolite  of  Gloucestershire,  and  published 
in  the  Annals  and  Magazine  of  Natural  History,  accompanied  by 
woodcuts  representing  one  of  the  species.  Before  that  period  M. 
Buvignier  bad  described  and  figured  three  species  of  the  same 
genus  from  (the  Coral  Rag  of  France,  Mem.  Soo.  Pfailomatli.  Verdun, 
1843,  accompanied  by  plates  illustrating  the  species,  which  he 
assigned  to  the  genus  Purpura ;  these  figures  were  for  the  most 
part  insufBcient  for  the  purposes  of  generic  discrimination,  and 
founded  upon  specimens  more  or  less  imperfect;  one  of  them  was 
believed  by  me  to  be  identical  with  the  species  figured  in  my 
woodcut,  and  was  accordingly  named  by  me  Pitrpuroidea  nodutata, 
the  name  of  the  species  having  been  adopted  from  the  Murex 
ttodulaliis  of  Young  and  Bird,  which  was  also  believed  to  be  identical 
with  the  Glouoestershire  species.  At  the  period  in  question  (184S) 
only  one  other  Jurassic  species  attributed  to  the  genus  was  known, 
viz.  the  Jlfurex  tu6ero«us  of  Sowerby's  Mineral  Couchology,  tab.  5T8, 
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figured  in  1827  from  the  Pisolite  of  Mai  ton,  a  specimen  so  imperfect 
that  it  was  stated  by  Mr.  Sowerby  to  be  but  little  better  than  a  cast, 
and  accordingly  he  did  not  venture  to  determine  the  genus  with 
any  certainty.  I  had,  however,  a  conviction  that  Sowerby's  shell 
(tab.  578)  was  identical  generically,  and  perhaps  as  a  species  also, 
with  the  Murex  nodulatus  of  Young  and  Bird,  whose  figure  in  the 
first  edition  of  their  work  (1822)  was  assigned  to  the  genus 
Buecinum.  My  description  of  the  genus  Purpuroideay  given  in  the 
Annals  and  Magazine  of  Natural  History  in  1848,  was  perfectly 
correct  in  definition,  but  had  one  disadvantage,  that  it  did  not 
include  a  close  comparison  of  all  the  features  which  separate  it 
from  the  living  and  Tertiary  PurpuroB  ;  at  the  period  in  question  it  was 
impossible  to  prove  that  all  the  species  of  Purpuroidea,  represented 
by  the  few  and  for  the  most  part  imperfectly  developed  fossils  then 
known,  were  destitute  of  an  important  generic  feature  possessed 
by  Purpura,  which  I  will  now  allude  to.  The  shells  of  Purpura,  both 
living  and  Tertiary,  have  a  posterior  respiratory  excurrent  or  anal 
canal,  forming  an  internal  groove  at  the  posteal  junction  of  the 
outer  lip  with  the  columella;  the  groove  is  always  well  defined, 
and  in  none  more  clearly  than  in  the  little  Purpura  lapillua  so 
oommon  upon  our  coasts.  The  shelh  of  the  Jurassic  Purpuroidea  are 
all  destitute  of  this  feature,  which  is  possessed  also  by  some  other 
recent  genera  of  the  Siphonostomata. 

In  1852  appeared  the  splendid  Atlas  of  Buvignier  illustrating  the 
Jurassic  fossils  of  the  Meuse,  and  containing  finely  executed  figures 
of  the  three  Purpurea  previously  figured  by  him,  and  fully  proving 
their  distinctness  from  the  Great  Oolite  species  of  England.  Several 
years  subsequently  M.  E.  Piette  described  and  figured  three  other 
species  of  our  genus  from  the  Great  Oolite  of  the  Ardennes  and 
TAisne,  Bull.  Soc.  Geol.  France,  tom.  13,  pi.  12,  13,  14,  pp.  290, 
296 ;  these  also  were  all  assigned  to  the  recent  genus  Pupura,  and 
one  of  them  to  the  Gloucestershire  Great  Oolite  species  P.  glabra. 
This  I  believe  to  be  an  erroneous  identification.  To  these  must  now 
be  added  the  figures  of  two  species  of  Purpuroidea  by  Mr.  Hudleston, 
■  occupying  Plate  VIII.  in  this  Magazine  for  1880.  There  are  there- 
fore now  known,  described,  and  figured,  six  species  of  Purpuroidea 
in  the  Great  Oolite,  three  in  England  and  three  in  France;  five 
species  in  the  Corallian  rocks,  three  in  France,  and  two  in  England, 
to  which  may  be  added  not  less  than  two  other  species  hitherto 
nndescribed,  but  noticed  by  Mr.  Hudleston,  one  in  the  Ooral  Rag 
of  Yorkshire,  and  a  small  one  in  the  Portland  formation  in  the 
limestone  of  Portland;  the  eleven  species  already  described  are 
believed  to  be  all  separate  forms.  In  mentioning  three  Great  Oolite 
British  species,  I  purposely  omit  the  Purpuroidea  insignis,  Lye, 
figured  and  described  from  a  single  specimen  in  my  supplement  to 
the  Great  Oolite,  Monograph,  p.  6,  pi.  31,  figs.  2,  2a,  as  I  am  now 
convinced  that  the  specimen  upon  which  that  species  was  founded 
possesses  only  individual  peculiarities  common  to  an  exceedingly 
variable  form,  one  of  which  is  not  unfairly  represented  by  the 
woodcut  given  in  the  Annals  in  1848  above  alluded  \xi. 


500  Br.  John  Lijcett—Note  on  Paypurold  S!,e/li. 

The  figures  of  (he  French  Great  Oolite  apeoiea  given  by  M.  PictU 
are  very  wo!l  execnted.  Tbey  are  all  luore  noarly  allied  to  ihe 
British  Great  Oolite  forms  than  nre  those  of  the  CoralUan  rocks 
figured  by  M.  Biivignier,  and  I  will  now  also  add,  than  the  two 
Oornllian  forma  previously  figured  liy  Sowerbj,  and  by  Young  and 
Bird ;  they  are,  however,  perfectly  distinct  fomiB,  and  will  be 
readily  admitted  as  suoh  by  any  one  conversant  with  the  Britigh 
Great  Oolite  speciee. 

I  will  now  offer  Bomo  remarks  upon  the  Farfiuroiil  sheila  figured 
by  Mr.  Hudleston  upon  Plato  VIII.  of  this  Magazine  for  IS80.  Tlio 
figures  1,2, and  4  are  assigned  by  Mr.  Hudleston  to  the  Marex  nodvlalns 
of  Young  and  Bird.  These  figures  are  fairly  well  executed.  1  have 
also  the  advantage  of  possessing  a  large  speoimen  of  the  same  form 
kindly  forwarded  to  me  by  Mr.  Hndleston;  this  esample  possetses 
a  large  portion  of  the  t«Bt  of  the  last  volution,  exhibiting  the  paltem 
of  the  ornamentation.  I  have  also  succeeded  in  developing  the 
aperture,  and  especially  the  posteal  portion,  and  thus  prove  that  it 
d<]es  not  possess  the  uitemal  groove  of  Purpura  above  alluded  to. 
Having  also  a  recollection  of  the  type  specimen  of  Murex  nodulalui  of 
Young  and  Bird,  in  the  Whitby  Hnseam,  examined  by  me  mtxij 
years  ago,  I  am  enabled  to  form  an  opinion  upon  that  specimen,  and 
to  arrive  at  the  oonclusion  that  the  brief  description  appended  to 
the  specimen  in  the  second  edition  of  that  work  (1^28)  is  sufBoiently 
aocurate  for  general  purposes,  and  that  the  perpendicular  undulations 
upon  the  dorsal  surface,  each  with  its  two  nodes  or  tuberoles,  ar« 
very  characteristic  of  Ihe  species,  and  sufficiently  distinot  from  the 
handsome  and  elaborately  ornamented  shell  represented  by  the 
Figures  1,  2,  and  4,  PI.  VIIL  of  this  Maoazine,  and  by  the  specimen 
received  from  Mr.  Hudleston.  Holding  this  opinion,  I  submitted 
the  specimen   and  figures  to  an  old  friend  of  mine,  an  eminent 

Ealteontolcgist,  who  was  about  to  visit  Whitby,  and  gladly  accepted 
is  offer  to  examine  for  roe  Young  and  Bird's  type  specimen;  he 
also  has  the  advantage  of  possessing  a  perfect  knowledge  of  the 
Gloucestershire  Purpuroidea.  In  sending  to  me  a  careful  tracing  of 
the  Buceifiam  Jiammevm  (so-called  in  the  first  edition  of  Young  and  ' 
Bird's  book),  he  says,  "I  saw  the  original  specimen  at  Whitby,  it  is 
a  rough  customer,  and  quite  distinct  from  the  beautiful  shell  yoa 
showed  me,  Uie  undulations  are  so  marked  in  Young  and  Bird's 
specimen."  I  would  suggest,  therefore,  that  the  materials  we  possess 
relating  to  the  remarkable  specimens  of  Pvrpuroidea,  Plate  VIII. 
Figa.  1,  2,  and  i,  are  scarcely  sufficient  to  determine  the  species 
with  certainty,  but  that  apparently  they  represent  a  new,  very 
handsome,  and  very  variable  example  of  that  genus  to  which  Mr. 
Hudleston's  name  might  appropriately  be  attached. 

I  will  also  state  that  I  have  become  convinced  of  the  distinctness 
of  all  the  Yorkshire  Coralliau  forms  of  Purpuroidea  from  those  of 
the  same  genus  in  Gloucestershire,  and  therefore  that  the  Great 
Oolite  Purpuroidea  ascribed  to  the  P.  nodulata  of  Youog  and  Bird 
was  an  erroneous  identification,  excusable  I  think,  when  the  groat 
Tsriability   of    the  Gient  OoVVtA   K'^m  \&  ounsideied,   and  due 
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allowance  also  made  for  the  opposing  difficulties  to  a  correct  know- 
ledge of  Purpuroidea  which  existed  thirty  or  more  years  ago. 

The  front  and  back  views  of  the  shell  upon  the  same  Plate,  3,  Sa, 
are,  I  am  inclined  to  believe,  correctly  attributed  to  Murex  ?  tuberoaua, 
Sow.  The  supposed  identity,  however,  rests  upon  the  single  specimen 
now  figured,  which  was  acquired  by  the  late  Mr.  Leckenby  only  a 
short  time  before  the  transfer  of  his  collection  to  Cambridge ;  the 
near  resemblance  which  the  surface  ornaments  bear  to  the  Murex 
nodulaiuB  of  Toung  and  Bird  suggests  the  necessity  for  caution  in 
deciding  upon  the  separation  or  identity  of  those  forms  as  species. 
Judging  from  the  materials  at  present  possessed  by  our  museums  and 
private  collections,  I  am  inclined  to  believe  that  the  Corallian  i*ocks 
of  Yorkshire  possess  three  species  of  our  genus  already  figured  and 
described :  Firstly,  the  P.  uJberosa,  Sow.,  having  a  spire  apparently 
as  long  as  the  aperture,  and  a  subcylindrical  figure  of  the  last  volu- 
tion, exemplified  by  the  very  imperfect  figure  in  the  Min.  Con.  tab. 
678,  and  by  the  shell  in  the  Leckenby  Collection,  figured  by  Mr. 
Hudleston  in  this  Maqazine,  PL  YIIL  Figs.  3,  3a.  Secondly^  by 
the  shorter  spired  species  P.  nodulosa.  Young  and  Bird,  of  which 
the  Whitby  Museum  has  the  type,  and  of  which  a  cast  may  some- 
times be  discovered,  named  Natica  nodtdoaa.  Thirdly^  the  newly 
figured  three  specimens  in  this  Magazine,  PI.  YIII.  Figs.  I,  2,  4, 
a  more  ventricose  species  than  either  of  the  former,  the  spire  more 
produced  than  in  P.  nodulata,  and  its  surface  more  elaborately 
ornamented  than  either  of  the  other  species.  The  Jurassic  Pur^ 
puroidea  are  limited  to  limestone  formations.  Its  lowest  known 
position  is  the  Oreat  Oolite  of  England  and  of  France,  we  next 
discover  it  in  the  Corallian  rocks  of  England  and  France,  it  has 
also  lately  been  found  in  limestone  of  the  Portland  formation.  The 
species  were  gregarious  and  appear  to  have  occupied  very  limited 
areas  both  in  their  horizontal  and  vertical  range.  With  much  regret 
I  find  that  at  the  quarry  on  Minchinhampton  Common,  which  has 
been  the  most  productive  site  for  Purpuroidea  in  England,  the  genus 
.  is  now  exceedingly  rare  and  a  good  specimen  of  any  of  its  species 
has  become  a  thing  of  the  past  generation.  In  the  Corallian  rocks 
a  few  miles  to  the  southward  of  Malton,  Purpuroidea  has  always 
been  difficult  to  obtain  excepting  in  the  condition  of  internal  moulds 
which  retain  no  portion  of  the  exterior  surface. 

After  examining  the  figures  of  Purpuroidea  already  published,  I 
would  warn  authors  and  artists  to  be  more  careful  of  the  position  of 
the  specimen  when  it  is  intended  to  figure  the  aperture.  The  original 
woodcut  (right-hand  figure)  published  by  me  in  1848,  although  a 
somewhat  rude  engraving,  exemplifies  the  figure  of  the  aperture 
fully  and  accurately ;  it  directly  faces  the  spectator,  and  proves  that 
the  specimen  was  entirely  without  the  groove  of  Purpura,  The 
figure  of  the  aperture  of  Purpuroidea  tuberosa  in  Geol.  Magazine, 
PL  VIII.  Fig.  36,  is  equally  satisfactory,  but  the  aperture  of  the 
specimen,  Fig.  2,  upon  the  same  Plate,  has  been  so  placed  by  the 
artist  as  to  make  the  rounded  columellar  lip  face  the  spectator,  and 
conceals  the  more  important  posteal  extremity  of  the  aperture. 
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or  the  Great  Oo]ita  of  France,  M.  Pietle's  figures  am  eimilArly 
dereoHve;  of  the  three  Bpecies.  two  apertures  are  given:  one  is 
decidedly  wilbmit  the  groove  of  Purpura,  the  other  has  the  potteal 
estremity  of  the  aperture  out  of  the  view  of  the  spectator.  The 
Gordllian  species  figured  hy  M.  Buvignier  represent  splendid  speci- 
mens  ull  of  which  are  destitute  of  the  Purpura  groove.  Ilia 
apertures  of  Furpuroldea  in  the  Great  Oolite  Monograph  by  Professor 
MorriB  and  myself  are  not  80  distinct  as  could  he  wished,  but  exhihit 
nothing  opposed  to  the  views  here  stated. 

Upon  reconsideration  of  the  Figure  2,  Plate  VITI.,  iu  the  absence 
of  all  knowledge  of  the  dorsal  surface  of  the  last  volution  and  the 
small  portion  of  the  omainentation  exhihited  upon  Figure  2,  I  wish 
to  limit  my  remarks  upon  the  pi-esunied  new  species,  to  the  shells 
figured  l,aud  4,  also  to  the  large  specimen  in  my  possession. 


VJIL — Fdrthbr  Rrmabks  on  tub  Obioin  of  the  Vallky  Sybtusi 
or  THE  SonTH-EiBTEBN  HALr  of  Enoland,  prompted  by  thb 

BkSULT  of  a   BoitINO   NBAR    WiTRAM    IN    EsSEX. 
Bj  Seablkb  V.  Wood,  F.G.S. 

IN  a  paper  in  the  Phil.  Mag,  for  March,  1864,  "On  fbe  Forma- 
tion of  the  River  nn.l  other  VuUeys  of  the  Eftst  of  England."  I 
endeavoured  to  show  by  the  aid  of  a  rough  map  that  the  whole  nf 
the  hill  and  vale  system  of  that  part  of  England  which  lies  east 
and  south  of  a  line  drawn  from  the  Humber  to  the  Gotteswold 
Hills  originated  in  a  series  of  concentrio  arcs  spreading  from  two 
centres,  one  of  which  was  near  Canterbury,  and  the  other  just  south 
of  the  western  end  of  the  Isle  of  Wight ;  the  features  thus  produced 
having  been  rendered  more  apparent  by  the  denudation  to  which 
t^e  disturbances  gave  rise,  and  to  which  both  at  the  time,  and 
subsequently  also,  these  gave  direction.  With  that  map  I  gave 
hypothetical  lines  of  section  along  a  radius  of  each  of  these  systems 
of  concentric  arcs  to  show  the  fold  which,  if  my  view  of  the  subject 
was  correct,  should  be  present  throughout  the  whole  line  of  each  . 
arc;  though  of  course  this  fold  was  concealed  from  observation, 
except  the  chance  occurred  of  there  being  an  open  section  over  it ; 
and  some  two  years  afterwards  I  extracted  from  the  one  mile 
to  the  inch  Ordnance  sheets  of  this  part  of  England,  and  reduced 
upon  the  ten  miles  to  the  inch  map,  the  whole  of  these  systems 
of  arcs  in  minute  and  accurate  detail.  This  map  was  bound  np 
along  with  a  Geological  map  which  I  had  made  of  South  Essex 
ID  a  MS.  memoir  on  the  Glacial  Beds  of  the  East  of  England, 
which  I  presented  to  the  Library  of  the  Geological  Society  of 
London,  where  I  presume  it  still  is. 

Though  in  various  papers  subsequent  to  that  of  1864,  both  in  the 
Journal  of  the  Geological  Society  and  in  this  Magazine,  I  have 
incidentally  endeavoured  to  direct  attention  to  the  subject,  the  only 
notice  with  which  it  has  met,  so  far  ns  I  am  aware,  bae  been  an 
incredulous  smile  from  geological  acquaintances  if  I  ventured  to 
allude  to  it;    but  between  five  and  six  years  ago  the  Committee 
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of  the  Essex  County  Asylum,  being  compelled  to  increase  their 
accommodation,  purchased  an  estate  at  Wickham  Bishop,  near 
Witham,  and  commenced  an  artesian  well  on  the  summit  of  that 
part  of  one  of  these  arcs  of  the  Canterbury  system  (the  4th  in  the 
PhiL  Mag.  map,  but  the  3rd  in  the  MS.  map,  counting  from  the 
oentre  of  disturbance)  which  runs  through  that  place.  The  sinking 
of  this  well  and  boring  was  watched  by  Mr.  W.  H.  Dal  ton,  of  the 
Geological  Survey,  as  part  of  his  duty  when  engaged  in  the  survey 
of  the  neighbourhood;  and  a  section  on  the  true  scale,  drawn 
through  the  ridge  formed  by  this  part  of  the  arc,  to  show  the 
peculiar  and  (to  all  but  myself)  unexpected  position  which  the 
beds  have  been  found  to  occupy  in  it,  has  lately  been  published 
by  him  in  the  "Transactions  of  the  Epping  Forest  and  County 
of  Essex  Naturalists  Field  Club'';  and  this  shows  that  there  is 
present  in  the  ridge  exactly  such  a  fold  as  in  the  line  of  hypothetical 
section  given  by  me  I  showed  ought  to  occur  everywhere  along 
this  arc,  as  well  as  along  each  repetition  of  it  outwards  and  inwdrds. 

I  can  account  for  the  incredulity  with  which  the  facts  brought 
forward  by  me  more  than  seventeen  years  ago  have  hitherto  been 
regarded,  only  by  supposing  that  no  one  has  thought  it  worth  while  to 
examine  my  case  with  that  minuteness  which  is  necessary  for  its 
realization ;  but  now  that  the  existence  of  the  fold  exactly  at  the 
place,  and  in  the  precise  form  which  I  thus  hypothetically  predicated.^ 
has  been  found,  and  its  discovery  has  involved  the  waste  of  a  large 
sum  of  money  (as  from  the  failure  of  the  strata  in  consequence  of 
this  fold  to  hold  water,  the  Asylum  Committee  have  been  obliged  to 
abandon  their  intention  of  using  the  estate  for  the  purpose  for  which 
it  was  purchased),  my  views  may  now  meet  with  a  less  incredulous 
regard  than  they  have  hitherto  done.  It  must,  however,  be  borne 
in  mind  that  though  the  fold,  as  I  contend,  exists  in  every  one  of 
the  arcs  of  each  system,  yet  from  its  occupying  not  more  than  a 
hundred  yards  or  so  of  horizontal  space  transversely  to  the  arc  (as 
seems  to  be  the  case  at  Wickham),  it  must  everywhere  be  concealed, 
unless  some  open  section  chances  to  occur  immediately  over  it. 
At  another  arc,  however,  of  the  same  system  as  that  to  which  the 
Wickham  ridge  belongs,  viz.  that  which  is  constituted  by  the 
Cambridgeshire  chalk  escarpment,  the  occurrence  of  such  a  section 
has  enabled  the  Geological  Survey  since  my  paper  and  map  to  dis- 
cover a  similar  fold  in  it ;   and  this  is  near  Eoyston. 

From  the  greater  detail  and  accuracy  with  which  I  extracted  these 
arcs  in  the  MS.  map  annexed  to  the  memoir  in  the  Library  of  the 
Geological  Society,  I  was  able  further  to  show  that  a  third  series  of 
concentric  arcs,  spreading  from  a  point  of  disturbance  in  the  North 
Sea  off  Yorkshire,  had,  by  meeting  those  spreading  out  from  the 
Isle  of  Wight  centre,  co-operated  with  them  in  producing  the  valleys 
which  crossed  the  arcs  of  the  Canterbury  system  ;  and  though  it 
would  be  but  waste  of  print  to  attempt  any  explanation  of  the 
features  of  so  complex  a  case  in  this  Magazine,  it  requires  but  a 
glance  at  this  map  to  perceive  that  all  of  the  three  sets  of  arcs  must 

^  See  foot-note  at  the  end  of  the  paper. 


S04      S.  V.  Wood—T/u-  VuUey  Sydem  of  S.E.  of  England.    H 

have  been  duo  to  a  force  whioh,  it  eeema  to  me,  can  only  have  been 
Bteam  rising  obliquely  »t  eacb  of  tbeae  three  oeDtree,  and  pushing 
the  strata  lateifjly  oulwarda  from  the  point  where  the  impalM 
originated;  oausing  (hem  to  fold  along  Buccessive  arcs,  'wbioh  ara 
Tery  much  in  appearance  like  the  circles  which  spread  out  from  the 
place  where  a  Htone  is  thrown  Into  the  water,  save  that  they  are  not 
in  any  ease  complete  circles.  In  the  case  of  those  spreading  from 
the  Isle  of  Wight  centre  thry  are  semi-oirclee ;  but  in  the  caae  of 
those  spreading  from  the  Canterbury  oeutre  they  are  only  quadranta 
of  ellipses. 

Whether  they  agree  with  me  or  not,  those  gentlemen  who  assume 
to  teach  us  the  way  in  which  mountain  chains  have  originated,  and 
the  moile  in  which  the  diaturhanoe  of  strafa  has  come  about,  do  most 
uertainly  remain  in  ignorance  of  one  of  the  factors  of  the  problem 
which  they  seek  to  elucidate,  unless  they  master  the  details  of  the 
map  which  I,  by  presenting  to  the  Geological  Society,  endeavoared 
to  place  BO  many  years  ago  at  their  service. 

In  conclusion,  I  would  observe  that  in  the  paper  of  ISCi  I 
regarded  the  period  at  which  these  arc  distnrhances  took  place  as 
having  been  Uie  "  Glacial "  ;  and  I  attempted  to  connect  with  them 
the  position  occupied  by  the  "drift"  in  the  East  of  England.  In 
his  communication  to  which  I  have  referred,  Mr.  Dalton  makes  the 
same  oonnezion,  and  refers  the  "  wave  "  (m  he  oalls  it)  of  disturb- 
ance which  produced  the  fold  at  Wickham  to  the  same  period ;  but 
I  long  ago  satisfied  myself  that  in  this  I  was  in  error,  and  that  the 
movement  was  altogether  pre-gtaoial ;  having,  I  think,  originated 
under  the  older  Tertiary  sea-bed.      A  set  of  rectilinear  dieturbanoea 

?'viug  rise  to  the  hii^hly  inclined  ans  of  the  Isles  of  Wight  and 
arbeck,  and  to  the  Hogsbaok  of  Surrey,  did,  however,  aa  it  seems 
to  me,  take  place  during  the  Glaoial  submergence ;  and  these  by 
supervening  on  the  anterior  aro-ahaped  disturbanoes  have,  where 
they  crossed  the  arcs,  shifted  the  strata,  and  given  rise  to  faults, 
such,  t.g.  as  that  at  the  western  extremity  of  the  Hogsback.' 

'  Then  rectjlinaaT  distnrbanoei  tie  aliowii,  in  the  nup  to  the  piper  in  tha  Phil. 
Hag.  of  March,  1SB4,  by  &  diSeient  ahading  to  that  of  tiie  arc  dutairbancas.  Tha 
hypothetical  line  of  aectioa  orried  as  a  raoius  through  tha  snccesnTe  area  of  tha 
Canterbury  sTBtem  (Sect  No.  S  of  the  Phil.  Hag.  plate],  paasea  only  eight  milea 
W.S.W.  of  Wickham  ;  the  fold  of  which  that  now  direlomd  at  Wickham  fonoi  part 
being  Bhowu  in  thia  line  of  section  at  Gaileyrood,  bat  in  tha  MS.  map  thu  il 
corrected  by  the  arc  being  shown  tn  paai  throogh  Danbury.  The  Wickham  part  of  it 
ia  immediately  north  of  the  poiot  where  the  confluence  of  the  rirers  Chelmar  and 
Blackwater  takea  place  in  a  breach  throne^  this  arc,  caused  by  the  tranarene  action 
of  the  area  spreading  fram  the  Isle  of  Wight  and  Noith  Sea  centres.  The  fold,  at 
Koyston,  is  part  of  Uiat  croaaed  in  tha  rodiua  aeotian  at  Baldock,  abont  the  aamB 
distance  W.S.W.  of  RoTeton  that  GalieTWOod  ia  of  Wickham.  The  pointa  ia  the 
radiua  aection  at  which  the  folds  giving  rue  to  the  arc  lidgea  ahonld  occur  aie  sboWB 
by  correapoadinE  folda  in  the  dotted  hnes  over  it,  the  chBracter  of  the  fold  itaelf  in 
hard  atnlta,  each  as  the  chalk  at  fiovston,  and  beneath  Wickham,  being  ahown  by 
*  aeparale  diagram.  Ia  the  Tolume  of  thia  Haouthb  for  tSSS,  pp.  360-2,  where  i 
ent^ed  at  some  length  intotbeanbjectof  these  area  (connecting  enoneonaly  themore- 
ment  in  which  they  originated  with  the  time  and  mode  of  the  graTel  accnmuUtion), 
I  drew  the  section  (No.  S  of  the  plate)  which  I  there  gave  acroea  tiie  arc  in  qneitiaD 
tbrongh  the  Trigononietneai  Station  at  Wickham  liiahop ;  and  abowed  by  dotted  liiui 
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IX. — Thx  Sudden  Extimotion  of  the  Mammoth. 

By  Clbmsnt  Rbid,  F.G.S. 

IN  a  valuable  series  of  papers  whioh  have  lately  appeared  in  this 
Magazine,  Mr.  Howorth  has  brought  together  a  mass  of  in- 
formation illustrating  the  life  history  of  the  Mammoth.  But  while 
we  must  thank  him  for  the  labour  he  has  undertaken  in  collecting 
these  facts,  many  from  little  known  authorities,  I  venture  to  suggest 
that  some  of  his  conclusions  ought  not  to  be  allowed  to  pass  without 
a  strong  protest. 

The  paper  published  in  the  Geol.  Mag.  for  July  shows  a  reversion 
to  the  old  and,  I  had  hoped,  extinct  theory  of  violent  changes  and 
the  sudden  extermination  of  a  species  over  large  areas  in  a  few 
days.  The  facts  Mr.  Howorth  brings  forward  I  do  not  challenge  : 
wherever  I  have  been  able  to  check  them  they  show  the  greatest 
accuracy  and  fairness  of  statement.  But  the  conclusions  he  draws 
seem  quite  unwarranted  by  the  facts,  and  are  thoroughly  opposed  to 
the  view  of  most  modern  geologists,  that  vast  changes  need  a  great 
lapse  of  time.  If  the  occasional  preservation  of  carcases  of  the 
mammoth  and  rhinoceros  in  frozen  soil  can  be  explained  otherwise, 
I  think  we  are  not  justified  in  bringing  into  play  a  permanent  lower- 
ing of  the  temperature  through  many  degrees,  only  taking  a  few 
days,  or  perhaps  weeks,  to  oomplete. 

From  the  character  of  the  mammaliferous  deposits  in  Siberia  it  is 
evident  that  they  cannot  have  been  frozen  all  at  once  or  through 
radiation  from  the  present  surface,  for  interstratified  with  the  mud 
are  numerous  sheets  of  clear  ice,  which  must  have  been  successively 
formed. 

It  seems  probable  that  such  alternating  beds  of  frozen  soil  and  ice 
might  well  be  formed  in  Siberia  even  when  the  climate  was  rather 
warmer  than  at  present  and  could  support  the  vegetation  necessary 
for  the  existence  of  large  mammals.  The  plants  found  associated 
with  the  mammoth  do  not  appear  to  show  a  warm  climate,  but 
merely  one  rather  warmer  than  at  present,  and  probably  very 
similar  to  that  of  the  Hudson's  Bay  territory. 

During  the  Siberian  winter  the  alluvial  soil  and  the  ponds  become 
frozen,  and  in  the  spring  the  thawing  of  the  rivers  near  the  source 
before  the  mouth  is  clear  of  ice,  as  Lyell  explains,  causes  floods. 
These  floods  of  ice-cold  water  would,  I  believe,  throw  down  a  fresh 
layer  of  sediment,  which  would  protect  the  underlying  one  from  the 
summer  heat,  and  afterwards  itself  freeze  with  any  included  animals. 
This  process  might  go  on  in  a  climate  considerably  warmer  than 
Siberia  is  at  the  present  day,  as  long  as  the  necessary  condition  of 
the  deposition  of  fresh  protecting  layers  of  sediment  occurred,  or 

the  fold  ("great  flexure,  or  rolling  earthquake  suree,"  I  there  termed  it)  over  the 
Tery  site  where  the  well-boring  made  12  yean  afterwards  disclosed  its  existence. 
Being  entirely  concealed,  there  was  notliin^  in  the  position  of  tbe  beds  anjwhere  as 
disclosed  by  sections,  or  any  antecedent  bonngs  in  tbe  neigbboorhood,  to  induce  the 
least  suspicion  of  tbe  existence  of  this  fold.  Mr.  Dalton  sbows  a  fault  parsing 
through  the  Wickbam  fold ;  but  it  seems  to  me  that  what  he  brings  in  tbe  fault  to 
aoooimk  for  is  due  to  a  sinuosity  in  the  fold  only. 
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failing  that,  the  mean  tempemturo  of  tlie  air  did  not  rise  fo  near  tha 
freezing-point.  Tliat  such  preservation  of  laaaaes  of  ice  is  quiw 
poEfiible  is  sbown  by  their  occurrence  under  the  lava  of  Etna,  nud 
ofteu  at  the  foot  of  oliffe  under  talus  ou  which  vegetAtion  has  after- 
wards grown. 

If  I  underatand  rightly  the  published  descriptions  of  the  frozen 
tundras,  they  are  simply  another  iustanoe  of  flood  deposits  now  per- 
manently di'y,  through  the  lowering  of  the  river-beds,  in  this  respect 
ooiTesponding  with  the  lihine  loess  and  pi-obahly  with  the  Thamw 
Valley  brick- earth  a.  The  whole  country  being  formed  of  flood 
depoKits,  it  is  not  suqirising  that  the  bones  are  now  constantly 
found  in  hills  much  above  the  present  river-level,  for  there  apjiearg 
to  bo  evidence  that  at  the  time  of  the  formation  of  tlie  Tundras,  the 
sea-level  was  a  geoil  deal  higher  than  at  present,  the  deposits  on  the 
lower  lands  near  the  sea  being  marine  or  ealuarine.  When  the  fall 
of  the  river  was  less  than  at  the  present  day,  the  floods  would  neces- 
sarily rise  to  a  greater  height. 


ITOTICES      OIF      aiEI^OIE-S- 

I. — On  ths  Lattkbntian  Beds  of  DoNEaAL  and  of  otbkr  Pabts 
OF  Ireland.  By  Professor  Edwahd  Hull,  LL.D.,  F.B.8.,  etc., 
Director  of  the  Oeologioal  Survey  of  Ireland, 

AFTER  a  perneal  of  the  writings  of  previous  authors,  and  a 
personal  examination  made  in  the  spring  of  1881,  in  company 
■with  two  of  his  colleagues  of  the  GeologioaJ  Survey,  Mr.  B.  G. 
Syiues,  F.G.S.,  and  Mr.  S.  B.  Wilkinson,  the  author  had  arrived  at 
the  following  conclnaions. 

1st.  That  the  Gneissose  series  of  Donegal,  sometimes  called 
"Donegal  Granite,"  is  un con foim ably  overlaid  by  the  metamor* 
phosed  quartzites,  schists,  and  limestones  which  Professor  Harknest 
had  shown  to  be  the  representalives  of  the  Lower  Silurian  bbds  of 
Scotland  (Quart.  Joum.  Qeol.  Soa,  vol.  xvii.  p.  256).  This  un- 
conformity is  especially  noticeable  in  the  district  of  Lough  Salt,  near 
Glen. 

2nd.  That  the  Qneissose  series  is  similar  in  oharacter  and  identical 
in  position  and  age  with  the  "Fundamental  Gneiss"  (Murchison) 
of  parts  of  Sutherland  shire  and  Ross-shive,  and  is,  therefore,  like  the 
latter,  presumably  of  Laurentian  age.  That  the  formation  is  a 
metamorphosed  series  of  sedimentary  beds,  hod  been  shown  by  Dr. 
Haughton  and  Mr.  R.  H.  Scott, 

3rd.  That  the  north-western  boundary  of  the  Donegal  Gneiss  is 
a  large  fault  between  the  Laurentian  Gneias  and  tlie  metamorphosed 
Lower  Silurian  beds,  owing  to  which  the  older  rocks  have  been 
elevated,  and  by  denudation  have  been  exposed  at  the  surface. 

4th,  That  the  Cambrian  formation  of  Scotland  is  not  represented 
in  Donegal,  and  that  the  unconformity  above  referred  to  represents 
a  double  hiatus,  and  is  of  the  some  character  as  that  which  ooouis 
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in  Sutherlancishire,  in  the  district  of  Foinaven  and  Ben  Arkle,  where 
the  Lower  Silurian  beds  rest  directly  on  the  Lauren tiau  Gneiss. 

5th.  That  Laurentian  rocks  may  be  recognized  in  other  parts  of 
Ireland,  as  in  the  Slieve  Gamph  and  Ox  Mountains  of  Mayo  and 
Sligo,  at  BelmuUet,  and  in  West  Galway  north  of  Galway  Bay, 
where  the  rocks  consist  of  red  gneiss,  hornblende  rock,  and  schist, 
etc.,  similar  to  those  in  Donegal ;  also  possibly  in  Co.  Tyrone,  as 
suggested  by  Mr.  Einahan. 


IL — Obsbbvatioms  on  the  two  Typbs  op  Cambbian  Beds  of 
THE  Bbitish  Isles,  (the  Caledonian  and  Hibebno-Cambbian), 
AND  the  Conditions  undeb  which  they  webe  bespbotiyelt 
deposited.     By  Professor  Edwabd  Hull,  LL.D.,  F.R.S.,  etc. 

TN  this  paper  the  author  pointed  out  the  distinctions  in  mineral 
character  between  the  Cambrian  beds  of  the  North- West 
Highlands  of  Scotland,  and  their  assumed  representatives  in  the  East 
of  Ireland  and  North  Wales  and  Salop.  In  the  former  case,  which 
included  the  beds  belonging  to  the  '*  Caledonian  type,"  the  formation 
consists  of  red  or  purple  sandstones  and  conglomerates ;  in  the 
latter,  which  included  the  beds  belonging  to  the  '*Hibemo-Cambrian 
type,"  the  formation  consists  of  hard  green  and  purple  grits  and 
slates^  contrasting  strongly  with  the  former  in  structure  and  ap- 
pearance. 

These  differences,  the  author  considered,  were  due  to  deposition  in 
distinct  basins,  lying  on  either  side  of  an  ArcheBan  ridge  of  crystal- 
line rocks,  which  ranged  probably  from  Scandinavia  through  the 
Central  Highlands  of  Scotland,  and  included  the  North  and  West 
of  Ireland,  with  the  counties  of  Donegal,  DeiTy,  Mayo,  Sligo,  and 
Galway,  in  all  of  which  the  Cambrian  beds  were  absent,  so  that  the 
Lower  Silurian  repose  directly  and  unconformably  on  the  crystalline 
Fucks  of  Laurentian  age. 

As  additional  evidence  of  the  existence  of  this  old  ridge,  the 
author  showed  that  when  the  Lower  Silurian  beds  were  in  course 
of  formation,  the  ArchsBan  floor  along  the  West  of  Scotland  must 
have  sloped  upwards  towards  the  east,  but  he  agreed  with  Professor 
Kamsay,  that  the  crystalline  rocks  of  the  Outer  Hebrides  formed 
the  western  limit  of  the  Cambrian  area  of  deposition,  and  that  the 
basin  was  in  the  form  of  an  inland  lake. 

On  the  other  hand,  looking  at  the  fossil  evidence  both  of  the  Irish 
and  Welsh  Cambrian  beds,  he  was  of  opinion  that  the  beds  of  this 
basin  were  in  the  main,  if  not  altogether,  of  marine  origin,  and  that 
the  basin  itself  had  a  greatly  wider  range  eastward  and  southward, 
the  old  Archaean  ridge  of  the  British  Isles  forming  but  a  small 
poi*tion  of  the  original  margin. 

The  beds  included  in  the  above  represent  the  Llanberris  and 
Harlech  beds,  those  of  the  Longmynd  and  of  St.  Davids,  in  which 
a  remarkable  primeeval  marine  fauna  had  been  dbcovered  by  Dr. 
Hicks. 
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III. — Thk  Detoho-Silurias  Formation.     By  Pbofks&or  E.  Hcii, 
LL.D.,  F.R.S..  etc 

THE  beds  which  the  author  proposed  t«  p-oup  under  the  abovA 
desigiitttion  are  fouml  at  varioufi  parle  of  the  British  Islea,  and 
f«  a  Bliglit  extent  on  the  Continent.  Tlie  formalion  ia,  however,  enit- 
nently  British,  and  occurs  under  various  local  names,  of  which  tha 
following  are  tho  principal : — 

England  and  Walks. 

DevonMhire. — 'The  Foreland  Grits  and  Slates,'  lying  below  the 
Iiower  Devonian  beds  (■  Lyuton  Beds '). 

Welsh  Borders. — '  The  passage  beds '  of  Murchison,  above  the 
Upper  Ludlow  Bone  bed,  and  including  the  Downton Sandstone. and 
rocks  of  the  Ridge  of  tlie  Trichnig.  These  beds  fonu  the  connecting 
link  between  the  Estuarine  Devonian  beds  of  Hereford  (generally, 
but  erroneously,  called  the  "Old  Red  Sandstone')  and  the  Upper 
Siliiri.in  Series, 

Soulh-Ea»t  of  England  (Sub-Cretaoeous  district).— The  author 
asBumed,  from  the  borings  at  Ware,  Turnford,  and  Tottenham  Court 
Road,  described  by  Mr.  Etlieridge.  that  (he  Devono-Silorian  beds  lie 
concealed  between  Turnford  and  Tottenham  Court  Road  on  the  soulii, 
and  Hertford  on  the  north. 

Ireland. 

South.—-  The  Dingle  Beds,'  or  ■  Glengariff  GriU  and  Slataa,'  with 
plauU  and  fuooids,  lying  oonformably  on  the  Upper  Silurian  Beds, 
as  aeeu  in  the  coast  of  the  Dingle  promontory,  and  overlaid  uncon- 
fonnahly  by  either  Old  Bed  Sandstone,  or  Lower  Carboniferooi 
Beds  ;  10,000  to  12,000  feet  in  thickness. 

North. — '  The  Fintona  Beds,'  oooupying  large  traotsof  Londondetty, 
Monagban,  and  Tyrone,  resting  unconformably  oa  the  Lower  Silurian 
beds  of  Pomeroy,  and  overlaid  unconformably  by  the  Old  Red 
S&ndstoue,  or  Lower  Carboniferous  Beds;  5,000  to  6,000  feet  in 
thicknesB. 

Scotland. 

South. — Beds  of  the  so-called  '  Lower  Old  Red  Sandstone '  with 
fish  and  crustaceans,  included  in  Professor  Geikie's  '  Lake  Orcadie, 
Lake  Caledonia,  and  Lake  Cheviot,'  underlying  uuoonformably  the 
Old  Red  Sandstone,  and  Lower  Calciferous  Sandstone,  and  resting 
unconformably  on  older  Crystalline  rooks,  Thiokness  in  Caithness 
about  16,200  feet. 

The  author  ooneidered  that  all  these  beds  were  representative  of 
one  another  in  time,  deposited  under  lacustrine  or  estuarine  con- 
ditions, and,  as  their  name  indicated,  forming  a  great  group  inter* 
mediate  between  the  Silurian,  on  the  one  band,  and  the  Devoaian,  on 
'the  other.  He  also  submitted  that  their  importanoe,  as  indicated  by 
their  great  development  in  Ireland  and  Scotland,  entitled  them  to  a 
diBtinotive  name,  such  as  that  proposed. 
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IV. — Second  Report  of  the  Committee,  oonststino  of  Professor 

P.  M.  Duncan  and  Mr.  G.  R.  Vine,  appointed  for  the  purpose 

OF  REPORTING  ON  FossiL  PoLYzoA.     Drawn  up  by  Mr.  Vine 

(Secretary). 

(Continued  from  p.  477.) 

1844.     MYRiAPORiDiB,  M'Coy.     Family  name  only. 

This  is  the  third  family  of  M'Coy's  very  restricted  classification  of 
Palaeozoic  Polyzoa.  It  embraces  the  Eeieporay  Lamk.  =  to  Elasmo^ 
pora.  King.  The  family  includes  Qlaueonome,  Goldfuss,  restricted 
by  Lonsdale,  and  the  genus  FenesteUa,  Lonsdale.  It  is  impossible 
to  retain  the  family  name  in  the  present  Report. 

1849.     PhyUopora,  King. 

There  are  unquestionably  present  in  both  the  American  and  British 
Palaeozoic  rocks,  species  of  Polyzoa  haying  some  of  the  inosculating 
characters  of  Betepora  celltdoaa.  These  can  neither  be  referred  to 
Fenestella  nor  Polypora.  My  objections  to  the  term  Betepora  for 
these  have  already  been  expressed.  King,  also,  in  his  Permian 
Fossils,  has  expressed  his  dislike  to  this  term,  and  he  suggests 
another  word  to  be  used  instead — PhyUopora.  1  prefer  this, 
especially  as  it  has  been  consecrated  by  two  good  workers — Salter 
and  De  Koninck.  The  earliest  appearance  of  the  genus,  so  far  I  am 
acquainted,  is  in  Lower  Llandeilo  flags  at  Ffairfaoh.  The  species 
is  unnamed,  and  it  forms  one  of  tbe  specimens  of  the  Wyatt-Edgell 
collection,  llie  general  habit  of  the  specimen  is  somewhat  like 
Betepora.  We  have  only  the  reverse  of  a  portion  of  the  zoarium, 
but  in  several  places  the  branches  are  worn  and  the  cells  exposed, 
but  not  with  sufficient  distinctness  to  make  out  their  actual  structure. 
The  fenestrse  are  oval  and  irregular,  and  tbe  branches  anastomose 
without  dissepiments.  A  fine  large  specimen — reverse  only — of  this 
type  is  marked  "  Bryozoa"  in  case  vii.  A  of  the  School  of  Mines, 
and  as  '* Bryozoon**  in  the  "Catalogue  of  Cambrian  and  Silurian 
Fossils,"  p.  106.  All  the  other  specimens  are  very  fragmentary,  but 
in  the  Devonian  series  there  is  a  matrix  of  a  very  fine  species.  If 
better  fragments  could  be  found  in  the  Devonian  rocks,  good  facilities 
for  the  closer  study  of  this  type  of  Palaeozoic  Polyzoa  would  be 
offered. 

De  Koninck  refers  two  specimens,  doubtfully,  to  this  genus  ^ — 
P.  f  Haimeana,  De  Kon. ;  and  P.  ?  crihellum^  De  Kon.  These  are 
amongst  the  Indian  Fossils  of  Dr.  Fleming.  In  the  monograph  of 
Permian  Fossils  Mr.  King  refers,  and  fully  describes,  P.  Ehrenbergt, 
Geinitz,  as  belonging  to  this  genus.  In  his  paper  on  the  Permian 
rocks  of  South  Yorkshire,'  Mr.  Kirkby  refers  fragments  of  the  same 
species  to  Bettor  a  Ehrenbergi  (PhyUopora).  The  genus  is  a  com- 
paratively rare  one,  and  well-authenticated  specimens  are  also  rare. 
To  this  genus  I  refer  Nicholson's  species^  PhyUopora  (Betepora) 

*  Quart.  Jonm.  Gcol.  Soc.  vol.  xix.  1862. 

■  Joum.  Geol.  Soc.  vol.  xvii.  1861. 

s  Geol.  Mao.  Jan.  J  876,  PI.  II.  Figs.  i-ib. 
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Tren(onen»i's.     It  is  well  deaoribed,  seeing  that  hia  Bpecimens  were 

mere  fragments.     Suiter  lias  alreaJy  referreil  to  tliis  genns — M'Coy"a 

Bciepora  {Fhyllopora)  Bmngeri — ia  hie  Catalogue  of  Silurian  Foasik 

1S21  ?     Beremcea,  Lamarous. 

Tbis  genua  for  the  preBsnt  I  Lave  allowed  to  remain  ■with  the 
family  Diaaloporida' — not  as  Diatlopora,  bat  as  provisional.  So  fat 
aa  the  Palwozoio  specieB  are  characteristio  of  the  genus,  we  may  take 
W'Coy's  description.'  He  says,  "The  cells  resemble  CeUepora,  bat 
are  not  piled,"  but,  with  more  justuess,  "  fhey  also  resemble  the  eell* 
of  Stidopora  {Plilodieti/a),  but  are  parasitio  and  confined  to  one  sid?. 
They  differ  from  Diieopora  by  each  cell  being  separated  by  a  small 
space  from  its  neighbour."  Berenieea  irregidarii,  Lonadale  (Silurinn 
Sys.),  and  S.  Iiftm-otu/ra,  M'Ooy,  are  distinct  types.  The  Vigcopom 
favosa,  Lonsd,,  Wenlock  Limestone,  approach  nearer  to  the  Ceramu- 
pora  ty[)e  of  Hall  and  Nicholson.' 

1828.     DiKopora,  Flem.  ? 

Two  tjrpea  of  this  genus,  aa  underatood  by  Lonsdale,  are  found  in 
the  Wenlook  series  of  FosBiis  at  the  School  of  Mines.  One,  D./aroao, 
Lonsd.,  is  a.  beautiful  little  dome-like  species  with  cells  very  regu- 
lariy  disposed  radiating  from  the  centre.  Th(>  other  is  much  larger 
and  marked  JXteopora  faeoga  f  Iionsd.  Both  are  good  types,  and 
they  will  ultimately  find  their  proper  place  in  our  classifioation. 
But  as  Diaeopora  {Patinella  and  Diteoporella  of  Busk)  it  will  be  at 
present  impoasible  to  retain  them,  unless  under  very  aevere  limitation. 
1849.     Fbnebtellid^,  King. 

After  the  three  very  able  papem  of  Mr.  G.  W.  Shrubsole,  F.G.S., 
it  will  be  useless  to  dwell  too  long  upon  this  family.  With  the 
whole  of  Mr.  Shrubsole's  work  I  am  inclined,  generally,  to  agree. 
He  may  be  blamed  for  the  limitation  of  species,  but  the  fault  lies  not 
with  him,  but  with  authors  who  have  introduced  into  our  scientific 
literature  specific  names  for  fragments  that  were  really  portions  only 
of  other  species,  This  has  already  been  pointed  out,  but  much  yet 
remains  to  bo  done  before  the  family  can  be  considered  to  be  com- 
pletely revised.  It  may  then  be  necessary  to  reintroduce  one  or  two 
species  which  are  now  regarded  as  synonyms,  and  also  to  establisli 
two  or  three  new  ones.  For  the  present  I  can  do  no  other  than 
report  on  the  literature  and  species  which  have  not  yet  found  a  place 
in  the  revisions  of  Mr.  Shrubsole. 

Oorgmia  aMimilU,  Lonsd.,  Murch.  Sil. 

Fenestella       „         Cat.  Cambrian  and  Sil.  Fob.  S.  of  M. 

This  species  has  been  alluded  to  in  Mr.  Shrubsole's  second  paper 
(p.  247).  In  the  above  catalogue  it  may  be  found  among  the  Caradoc 
and  Wenlock  Limestone  series  of  Polyzoa.  This  species  baa  not 
been  described,  and  there  seems  to  bo  a  doubt  whether  it  should  be 
referred  to  Feneelella  or  Betepora  (Phyllopora).* 

'  ft.  J.  Gaol.  Soc.  Aug.  1880.  >  pRlaio/oic  Fos.         '  Gbol.  Mag.  1874-5. 

'  ''A  Review  of  the  Carb.  FeneBlellida!,"  Quart.  Joam.  Geol,  Soc.  Mat,  1879; 
"  A  Kpview  of  the  Viirious  Species  of  Upper  Sil.  Fenestellid*,"  Quart.  Jooin.  Geol. 
Boe.  1880;  "  Further  Note*  on  Carb.  FeneeteUidai,"  Hid. 
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Many  of  the  earlier  specimens — Caradoc  and  Upper  Llandovery — 
are  very  indistinct,  and  complete  identification  seems  to  be  impossible. 
The  type  is  a  peculiar  one,  but  after  going  over  the  specimens  I  can 
make  out  the  following  characters.  The  zoarium  is  irregular  and 
diohotomously  branching,  no  regular  dissepiments  or  fenestrsB.  The 
frequent  bifurcations  of  the  branches,  by  impinging  upon  the  lower 
branches,  are  the  only  means  by  which  fenestroB  are  formed;  the 
number  of  pores  on  either  side  of  these  vary  from  ten  to  thirteen. 
I  cannot  therefore  suppose  that  these  earlier  Fenestella  asstmtlis  of 
the  Catalogue  are  in  any  way  related  to  Fenestella  reteporata.  Shrub- 
sole,  of  the  Wenlock  Limestone.  So  far  as  1  am  able  to  judge  from 
the  specimens,  they  are  totally  distinct. 

The  whole  of  the  type  specimens  of  Upper  Silurian  Fenestella 
Mr.  Shrubsole  has  gone  over  carefully  ,*  but  as  many  of  these  were 
mere  fragments  of  the  reverse,  showing  no  cell-arrangement,  lie 
found  them  altogether  valueless  for  accurate  definition.  In  conse- 
quence of  this  revision  the  whole  of  the  Upper  Silurian  Fenestel- 
LiDf  is  put  down  by  him  as  follows : — 

Fenestella  rigidula,  M'Coy,  Brit.  Pal.  Fos.  p.  50,  pi.  i.  C.  fig.  19. 
„  reteporata,  Shrubsole,  Quart.  Joum.  Geol.  Soc.  May,  1880. 

„  lineata  „  „  „         „  „ 

„  intermedia         „  „  „         „  „ 

All  these  species  are  found  in  the  Wenlock  Limestone,  Dudley,  and 
two  of  them — if  not  three  —  in  the  Niagara  Limestone,  Lockport, 
America. 

Of  the  Devonian  Fenestella  but  few  species  are  recorded.  But  as 
Professor  Nicholson  has  published  his  papers  in  this  country,  we  are 
largely  indebted  to  him  for  what  little  is  known,  besides  those  that 
are  figured  and  described  by  Goldfuss  and  Phillips. 

1826-33.     Betepora  (Fenestella)  prisca,  Goldf.,»  Eifel. 

„  „  „  anliqna     „        „ 

184:1.     Fenestella  antiqua  \  anthritica  ;  and  Hemttrypa  ocrilata,  Th,^ 

1874:.  Fenestella  magnifica,  Nichol.  Geol.  Mag.  1874:,  PI.  IX. 
„  „  marginalts,     „  „         „         „  „ 

>»  tt         filiformis         „  „         ,,         »  n 

„  „  Betepora  (Fenestella)  Fhtllipsi     „  „ 

Many,  if  not  all,  of  these  species  are  founded  upon  fragments,  or 
on  the  reverse  only  of  specimens ;  and  according  to  the  laxness  or 
rigidness  with  which  they  are  examined,  their  value  in  a  scientific 
criticism  is  of  variable  importance.  They  are  nevertheless  links  in 
the  chain  of  evidence,  and  until  they  are  displaced  by  better  speci- 
mens, which,  of  course,  will  allow  of  better  work,  they  should  find 
a  place  in  this  Report.  Nicholson,  with  others,  uses  the  term  Bete^ 
pora  very  indififerently.  Speaking  of  B.  Fhtllipsi,  he  says,  "  This  is 
a  genuine  Betepora,  and  in  its  general  form  and  its  biserial  cells  is 
closely  allied  to  B.  prisca,  Goldf.,  which  I  have  found  abundantly  in 

1  Petrefac.  Ger.  tab.  36,  fig.  19,  tab.  9,  fig.  10. 
'  Phillips'  Pale.  Fos.  Devon,  etc. 
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tlio  ComiferouH  Limestone  of  Ontario,"  Aa  T  have  alrea>]j  p]aceil 
GoliJriiss'e  R.  prieea  with  the  Fenkstellida,  I  canuot  do  otherwJM 
■with  thifl  one. 

In  addition  to  these  species,  Nicholson  founds  two  new  genen  for 
Devonian  FtHeitella  : —  ^H 

1874.     Cnjptopora,  Ann.  Mag.  Nat.  Hist.,  Feb.  1874.         ^M 
Carinopora  ^H 

Two  species — Cryptopora  mirabilii,  Nich.,  and  Qirinopora  Hinia 
— Nicholson  places  to  ties©  new  genera.  With  all  due  respect  for 
Professor  Nicholson  aud  his  work,  I  must  tsJie  his  admission  that 
these  are  apparently  FeneeleUidre,  and  as  such  there  was,  I  am 
inclined  (o  think,  no  need  for  founding  new  genera  for  their  recep- 
tion. The  author  refers  to  Hetnitrypa,  and,  in  one  sense,  compares 
his  genera  with  the  genus  of  M'Coj.  Unfortunately  for  the  fate  of 
all  throe  genera,  we  have  only  true  Fenestella  encrusted  by  a  coral, 
and  the  diagnosis  of  the  species  given  by  both  authors  is  encumbered 
with  partly  coroUite  and  partly  polyzoal  structures.  All  the  illus- 
trations which  Professor  Nicholson  gives  are  structures  found  in 
typical  Fenettella,'  with  the  exoeption  of  fig.  2  g,  p.  81.  Here  the 
'■  carina,"  or  keels,  are  apparently  united  by  "  stolons,"  which  msj 
be  sections  of  the  tabulie  only  of  the  encrusting  coral.  Fig.  /  is 
without  this  "  Btolouiforous  "  connexion,  but  both  are  seotious  of 
branches  cut  through  perpendicular  to  the  snrfaoe,  and  showing  the 
largely  developed  keel,  with  the  transverse  section  of  the  cells. 
Fig.  t  is  one  of  these,  isolated.  It  would  be  better  to  view  the 
structures  reversed.  Figs,  d  and  e  are  evidently  ordinary  Fenett^a, 
and  the  seotions  above  deaoiihed  are  portions  of  the  same  frond.' 
The  development  of  the  keel  ia  remarkable,  and  speaking  of  0, 
Eindti  Nicholson  says,  "The  thickness  of  the  frond,  measured  at 
right  angles  to  its  plane  of  growth,  is  one  line  or  alittle  more,  nearly 
two-thirds  of  this  being  accounted  for  by  the  great  internal  keels." 
This  is  equalled  by  the  species  F.  Ljielli,  Dawson,  which  is  figured 
and  partly  described  in  "Acadian  Gkology."' 

1836-33.  Glaueonome  dittieha.  Goldf.,  Petr.  Germ. 

1874-6,     Bampora,  I'oula,  Permo-Carbon.  FossiJien.* 

?  1878.  „  BoehiUtteri,  Tenia,  Bigshj,  Devon.  Carbon, 

„  „  var.  earinala,    R,    Etberidge, 

jun.,  Gkoi-  Mao.  1879. 

I  arrange  these  genera  and  species,  not  because  they  are  allies, 
but  because  they  are  the  reverse  of  that.  The  genera  are  as  distinct 
as  genera  can  be,  yet  they  have  been  confounded  by  authors.  Tlie 
0.  distieka  of  Goldfuss  is,  I  think,  distinctly  an  Upper  Silurian  type. 
The  Bala  type  of  Glaueonome  f  is  a  different  genus  ;  and  Bamipora, 
as  described  by  Toula,  has  five  or  six  rows  of  irregular  pores.  The 
genua  Bamipora  is  a  Permo-Carboniferous  type,  and  although  having 

'  See  the  illustration  in  the  Ann.  Mag.  Nat.  Hist.  Feb.  18Ti. 
*  '  --*  *  the  reader  to  refer  to  Nichouon's  paper  aa  given  above. 


'  Carb.  LimeBtoue,  pp. 

*  See  Aidie  Pal.  roljioa,  E.  Etherittge,  jnn ,  187S,  Jooro.  Geol.  Sodet;. 
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some  facial  resemblance  to  the  species  from  the  Bala  beds,  and 
figured  as  Ramipora,  var.  carinala,  Eth.,  juu./  by  Mr.  Hobert 
Etheridge,  jun.,  the  two  forms  differ  iu  many  respects  considerably. 
Bamipora  is  much  larger  naturally  than  the  Bala  Glaueanome ;  the 
cells  are  differently  arranged.  In  the  Lower  Silurian  species,  both 
the  primary  and  the  secondary  branches  bear  two  rows  of  alternately 
arranged  cells.  Having  handled  and  carefully  examined  the  speci- 
men in  the  School  of  Mines,  figured  by  Mr.  Etheridge,  I  can  bear 
willing  testimony  to  the  faithful  delineation  of  this  beautiful  type. 

There  are  several  specimens  of  this  as  yet  undesoribed  genus  in 
the  collection  already  named,  and  their  study  will  afford  a  good 
general  idea  of  the  varying  habit  of  the  species. 

1844.  PoJypora,  M'Coy. 

Zoarium  a  delicate,  reticulated,  calcareous  expansion.  Branches 
round,  from  three  to  five  rows  of  cell-openings — margins  usually  not 
projecting,  branches  connected  (occasionally)  by  thin  dissepiments. 

This  genus  is  represented  by  only  one  species,  P.  f  crassa,  Lonsd., 
in  the  Wenlock  Limestone,  Dudley.  The  genus  was  more  fully 
represented  in  America  in  the  Devonian  strata,  and  in  our  own 
country ; — in  the  Arctic  regions ; — and  India  during  the  Carboniferous 
epoch.  Professor  Nicholson '  describes  and  figures  three  species : 
P.  pnlchella,  Nich.,  P.  tenella,  Nich.,  P.  tnherculata,  Nich.  As  a 
P,  tubercnlata  has  been  previously  described  by  Prout,'  the  name 
of  Nicholson  is  rather  unfortunate,  as  there  is  a  difference  in  the 
two  species,  for  Nicholson  says  his  is  allied  to  P.  venucosa,  M*Coy, 
and  as  such  it  differs  from  Prout's  P.  tuberculnta,  if  the  identification 
of  the  Messrs.  Young  be  correct  P.  pukhella  and  P.  tenella  are 
nearly  allied  to  P.  HaUiana,  Prout,  which  occurs  "  in  the  St.  Louis 
Group  of  Illinois,  and  which  I  have  likewise  detected  in  the 
Comiferous  formation  of  Ontario." — Nicholson. 

I  have  now  gone  over  all  the  genera  wherein  the  cell -characters 
are  either  ovate  or  sub-tubular,  without  saying  arbitrarily  that  these 
genera  and  species  belong  to  the  Cyolostomata.  I  have  begun  with 
the  species  having  the  nearest  apparent  affinities  with  the  Chkilosto- 
MATA,  and  then  allowed  the  others  to  fall  in,  in  a  consecutive  order. 
This  temporary  arrangement  will  be  better  for  the  present,  and  this 
will  allow  time  for  a  proper  classification  when  the  whole  of  the 
Palseozoic  Polyzoa  have  been  more  closely  studied.  The  following 
genera  I  have  not  the  least  hesitation  in  placing  with  the  Cyclosto- 
mata  as  at  present  understood. 

1859.  Cyolostomata,  Busk. 

"Cell  tubular;  orifice  terminal,  of  same  diameter  as  the  cell, 
without  any  moveable  apparatus  for  its  closure;  consistence  cal- 
careous." * 

*  Geol.  Mao.  1879.  '  New  Devonian  Fossils,  Geol.  Mao.  1874. 
'  Trans,  of  Acad,  of  Science,  St.  Louis,  Geol.  Mao.  June,  1874. 

*  Monograph  of  the  Crag  Polyzoa,  p.  9. 
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1825.  Stomalopora,  BroDn. 
1821.  Aheto,  Lamx.     1826.  Auhpora  (pars),  GioMfiiss. 

"ZoariutQ  olnaely  adnate  throiiglioiit,  Bimplo  or  irregularly 
brnnched ;  bronchea  linear  or  ligulate;  cells  iliBpaeed  in  a  simple 
series  or  iu  more  or  less  regular  traosverae  rows  of  from  two  to  four."' 

A  few  types  of  this  genus  are  present  in  the  PaljBozoic  rocks  of 
this  country — in  the  Devonian  of  Eifei — and  iit  America. 

Jnnies  Hall,  in  liis  Pal.  of  New  York,  vol.  i.,  reoords  the  exiatenoe 
nf  Ahcto  infiata  in  tbe  Trenton  Limestone.  This  is  a  very  simple 
serial  species  of  a  most  remarkable  type.  From  the  same  stmtuin 
he  records  another  species,  Aulopora  arachnoidea,  altogether  differ- 
ent  from  the  firet  type.  Except  that  Hall  ouIIb  these  speeiee 
"corals,"  there  is  not  in  his  descriptions  any  characters  that  wouU 
prevent  them  being  properly  placed  with  the  Polyzoa.  I  have 
already  alluded  to  this  species  J.  inflnta.  Hall,  when  writing  of 
Mippothoa.  I  now  restore  it  to  its  proper  place. 
1874.  Ahclo  anloporideg,  Nich.' 

„    /rondoga  =  Aulopora  frondoaa,  James. 
1874.        „     eon/uia,  Nicb. 

These  seem  to  be  true  Slomalopora  {Atecto  of  Itusk),  and  their 
existence  is  recorded  by  Nicholson  as  appearing  in  the  Lower 
Silurian  or  Hudson  Kiver  Group.  One  species,  A.  avloporidts,  as 
a  branching  form  anrvives  into  the  Niagara  Limestone.  In  lbs 
Oaradoc  series  of  Fossils  in  the  School  of  Mines,  a  small  specimen 
of  Polyzoa  is  marked  Heleropora,  allied  to  H.  crataa.'  This  is  a 
very  peculiar  species,  but  in  no  way  related  to  Heteropora  as  now 
understood.  The  cells  are  short  and  tubular,  alternately  placed  on 
the  sides  of  the  branch,  very  similar  to  the  figure  given  by  Nicholson. 
Having  carefully  examined  the  specimen,  I  therefore^ — ^temporarily 
— place  it  as  a  variety,  at  least,  of  Slomalopora  auloporides,  Nich. 

I  have,  since  the  above  was  written,  discovered  no  less  than  three 
distinct  types  of  Slomalopora  in  the  Up.  Silurian  Shales  of  Shrop- 
shire. One  I  have  figured  and  described — S.  ditiimilig,  Vine.'  The 
others  I  have  not  yet  sufficient  details  to  allow  of  full  description.  I 
have  also  discovered  two  species  of  Aaeodiclyott,'  full  details  of  which 
will  be  published.  In  King's  Monograph  of  Permian  Fossils,  pi.  3, 
fig.  13,  a  figure  is  given  of — apparently — a  badly  preserved  speci- 
men of  Slomatopora.  It  very  much  resembles  the  species  of  Hall, 
but  no  oell-mouths  are  given.  King  names  it  Autopora  {Slomalo- 
pora} Yoigtiatta,  King. 

1839.     Diaslopora  (Aulopora,)  eoniimilit,  LoQsd. 

A  species  of  Polyzoa,  named  as  above,  is  in  the  Ketley  Collection 
at  the  School  of  Mines.  It  is  found  in  the  Wenlock  Limestone 
Series,  but  no  locality  is  given.     This  is  the  Avlopora  conaimilii, 

'  Susk,  Cpcloilomala,  p.  22. 

•  Paper  read  at  Brit.  Aesoc.  Belfast;  printed,  Ann.  Mug.  Kat.  Hist.  1875. 
'  Catalo^e  of  Silurian  Foa.  p.  44,  case  vit.  ^. 

*  Geol.  Sot.  Pap.  read  June  22,  1881. 

'  flicholion,  Ann.  Mag.  Nat.  Hiat.  Jane,  1877. 
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Xionsd.,  of  the  Silnrian  System,  pi.  15,  fig.  7.  I  have  foand  frag- 
ments in  the  washings  of  Mr.  Maw.^  Another  specimen  of  the  same 
species,  from  the  Wenlock  Limestone,  Dudley,  encrusting  a  small 
coral,  is  in  the  cahinet  of  Mr.  Longe,  F.G.S.,  of  Cheltenham.  In 
the  Devonian  collection  of  Polyzoa,  at  the  School  of  Mines,  a  species 
marked  Berenicea  M'  Coyii,  Salter,  Middle  Devonian,  Padstow,  hears 
a  very  close  resemblance  to  this  Silurian  type.  Unfortunately  the 
Devonian  specimen  is  very  poorly  preserved,  but  I  can  trace  in  the 
zoarium  a  sufficient  number  of  cells  to  afford  me  some  idea  of  the 
general  character.  The  specimen  in  Mr.  Longe's  cabinet  I  have 
carefully  studied,  and  I  now  give  a  description  with  very  accurate 
measurements. 

Zoaria  encrusting  by  a  single  layer  a  fragment  of  coral.  Zooecia 
tubular,  rather  regular,  in  series.  As  several  colonies  are  found 
upon  the  same  coral,  a  remarkably  irregular  character  is  given  to 
the  associated  zoaria.  For  the  purpose  of  this  diagnosis  I  isolate  a 
single  colony.  Cell-mouths  circular,  with  a  well-formed  peristome, 
and  slightly  less  than  the  diameter  of  the  tubes.  Six  zocecia  occupy 
the  space  of  a  line  measured  across  the  mouth  of  the  cells,  and  two 
and  half,  to  three,  lengthwise  in  the  same  space.' 

The  habit  of  Lonsdale's  species  in  the  School  of  Mines,  and  also 
Salter's  Devonian  Berenicea^  is  that  of  the  ordinary  Diastopora,  The 
habit  of  the  species  here  described,  and  also  the  measurements,  cor- 
respond with  Nicholson's  Alecto  confusa.  If  these  be  true  Diasto- 
pora — for  I  cannot  ignore  the  existence  of  D.  consimilis  and  Berenicea 
JU*  Coyii — we  have  a  true  tubular  Diastopora  carried  backward  in 
time  to  the  Wenlock  Limestone ;  consequently  the  Berenicea  which 
J  left  provisionally  with  the  Diastoporidte^  will  be  displaced  by  un- 
doubted tubular  species.  The  measurement  of  Alecto  confusa^  Nich., 
is  five  cells  to  the  line,  measured  across  the  mouth.^  This  is  slightly 
less  than  my  own,  and  may  be  accounted  for  by  the  more  compact 
arrangement  of  the  cells  in  the  Dudley  specimen. 

1826.     Ceriopora,  Goldfuss. 
Several  species  of  this  genus  are  given  as  Up.  Silurian  by  authors, 

Ceriopora  affinis,     Goldfuss. 

„         granulosa,     „ 

„        punctata^       „ 

and  Nicholson  in  his  New  Devonian  Fossils  adds  Ceriopora  ?  Hamil- 

ionensis,  of  which  he  says,  "This  beautiful  little  fossil  (about  five 

cells  occupy  the  space  of  a  line  vertically)  occurs  in  great  abundance 

*  In  plate  15,  Silurian  System,  reprodaced  as  pi.  xli.,  Silnrian,  ed.  1859, 
marked  7.     Diastopora  ?  eonaimilis,  probably  a  Bryozoon. 

*  This  was  written  in  December,  1880,  a  copy  of  which  was  fnmished  shortly  after 
to  Mr.  Longe,  for  his  correction  and  approval  for  publication  in  this  Report,  as 
Alecto  eonfusay  Nicholson  ?  var.  regularis.  I  have  seen  since  that  a  paper  has  been 
furnished  for  reading  on  Diastopora^  at  the  Geol.  Soc.  May,  1881.  I  have  no 
desire  to  press  my  own  name  in  preference  to  his,  seeing  that  I  wrote  my  description 
previously  to  the  examination  of  Lonsdale's  and  M 'Coy's  Silurian  and  Devonian 
■pecies  in  the  School  of  Mines. 

'  Review  of  the  Fam.  Diastoporida^  Quart.  Joum.  Geol.  Soc.  Aug.  1880. 

*  Nicholson  does  not  say  thus,  but  I  infer  it  from  his  remarks. 
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in  some  of  the  beds  of  the  Hamilton  Fonaafion,  It  ia  Allied  to 
C.  pKiiclata,  Gold.,  and  MlliepoTa  interporoM,  Phill.  (Geol.  of  Yorkt. 
I  am  at  present  unable  to  decide  as  to  its  trne  generic  affinities,  an^ 
have  Biraply  referred  it  provisionally  to  Ceriopora."  I  will  also  leave 
it  and  the  other  speciea  alone  for  the  present.  The  whole  of  the 
Cerioporidis  will  have  to  be  revised,  and  BpecisB  from  the  Silurian 
to  the  Crag  will  have  to  be  re-worked, 

1821,  Spiropora,  Latux. 
In  some  of  the  shale- wash ings  supplied  to  me  by  Mr.  Maw  front' 
strata  below  the  Wenlock  Limestone,  I  have  come  aoroas  manj 
beautiful  fragments  of  this  gernia,  which  will  enable  me  to  carry 
back  the  type  to  Silurian  times.  Mr.  Ealfe  Tate  has  already  carried 
hack  the  genus  to  the  Lias,'  but  the  speciSo  diSerences  between  ihs 
Liiissic  and  Silurian  forms  are  very  marked.  The  Silurian  species  I 
ahall  describe  under  the  name  of  Spiropora  regnhrit.  Vine. 

187-1.     Bolri/Uopora,  Nicholson.' 

This  curious  genus,  founded  bj  Nicholson  for  Devonian  S]>ecies,  ia 
allied  to  Dffrancia  and  lAchenopora,  but  unlike  either.  The  author 
says,  "I  have  been  unable  tu  refer  Ibeee  singular  Folyzoa  hi  any 
existing  group,  and  have  therefore  been  compelled  to  found  a  new 
genus  for  their  reception.  Zoarium  calcareous,  sessile,  and  encrust- 
ing, farming  systems  of  smell  circular  discs,  the  upper  surfacea  of 
which  are  marked  with  radiating  ridges,  upon  which  the  cells  are 
carried.  Each  disc  is  attached  by  its  entire  lower  surface,  slightly 
convex  above,  with  a  central  nonporiferous  space,  round  which  a 
number  of  radiating  poriferous  ridges  occupy  an  exterior,  slightly 
elevated  zone.  Cells-forming  a  double  series  on  each  ridge,  immersed 
with  rounded  mouths,  which  are  Dot  elevated  in  any  part  of  their 
circumference  above  the  general  surface." ' 

One  species  is  given,  B.  toeialig,  Nich.  pi.  ix.  fig.  16,  and  it  is  not 
of  very  rare  occurrence  in  the  Hamilton  Formation.  I  have  not  seen 
among  any  of  our  own  Paleeozoic  Polyzoa  any  approach  to  this 
genus.  It  may  be  well  to  direct  attention  to  the  charact«is,  because 
workers  may  find  even  this  amongst  the  group  of  our  hitherto  most 
neglected  fossils. 

In  my  first  Eoport  ("British  Carboniferous  Polyzoa,"  1880')  I 
said  that  "  to  the  Palgeontologist  the  study  of  the  Palaeozoic  Polyzoa 
opens  up  many  very  important  biological  details ;  for  the  connexioa 
of  the  Polyzoa  with  the  Graptolitea  is  a  question  that  must  be  dealt 
with  in  detail." 

Since  this  was  written  I  have  gone  over  much  that  has  been 
written  in  this  country  on  this  debatable  subject.  Professor  Huxlej, 
Mr.  Salter,  and  Professor  H.  Alleyne  Nicholson  have  severally  ooca- 
pied  themselves  with  this  question  of  afBnity.  Mr.  Salter  says,  "I 
think  Professor  Huxley  first  suggested  the  resemblance  to  Defra*- 

I  Spiropora  liauica,  Tate,  Gkol.  Mao.  1875. 

'  Cnniidian  Jouni.  No.  80  ;  Gbol.  Mao.  1874,  p.  23.  »  Hid.  p.  23. 

*  British  AssociatLan  BepaiU. 
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RTICAL  BANGE  OP  SILURIAN  POLYZOA  OK  SPECIES  DESCRIBED. 
Museum  op  Practical  Gboloot  ;  Silubxa  and  Silukian  Ststbm. 
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Trova.  these  shalM  I  have  obtained  several  specimens  of  species  of  Stomatooorat 
lictyon,  2  sp.,  and  Spiropora,  2  sp.  Species  also  otFtUodictya  Lonsdalii,  P,  scalpellum^ 
pora  ?  Gfauconome,  and  Ceriopora,  etc. 

'.  have  several  other  nnworked  species  of  Polyzoa  from  the  Wenlock  Limestone  series. 
Chit  is  more  of  the  type  P.  laneeolata,  Goldfuas. 
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cin;"^  his  own  opinion,  however,  was  very  decidedly  expresseJ. 
"  The  point  I  would  chiefly  call  atteution  to  is  that  there  is  a  com- 
plete Belies  lip  to  the  most  compound  in  this  remarkable  family;" 
and  after  pointing  out  the  varied  features  of  the  lending  types  of  the 
Oraptolilidte,  he  concludes  by  saying,  "DeadrograpiustitiBthe  brancha 
nuraeroHB,  unsym metrical,  and  crowded,  while  Dicti/onenia  completes 
the  eeries  by  showing  the  numerous  rod-like  et«ins  each  with  their 
cells  in  double  rows,  connected  by  numerous  transverse  bars  into  i 
network  like  that  of  FeneBtella,  to  which,  indeed,  I  believe  it  forms 
the  pass^e  group."  '  Professor  Nicholson,  after  examining  in  detail 
the  various  points  raised  by  Mr.  Salter,  says,  "The  'polyzoarinm' 
(of  the  Polyzoa)  is  commonly  more  or  leas  highly  chained  with 
lime,  and  this  is  especially  the  case  with  the  fossil  forma.  T!i9 
polypary  of  the  Graptolites,  on  the  other  hand,  are  invariably 
corneous  (or  ohitinous)."'  Notwithstanding  these  varied  opinions, 
I  very  reluctantly  reviewed  the  whole  of  the  points  mooted  by 
Nicholson  and  otliers,  and  then  sobmilted  my  notes  to  Mr,  Lap- 
worth'a  scrutiny  before  publication.  He  has  gone  over  every  one 
of  these  notes  critically,  and,  as  his  decision  is  adverse  to  my  own 
views  (founded  to  a  large  extent  upon  facial  resemblances),  T  can- 
not do  otherwise  than  liow  to  his  dictum.  '■  If  the  Polyzoa  and  the 
Graptolitbina  had  a  common  ancestor — a  view  I  have  always  been 
disposed  to  a^opt  myself— it  must  have  existed  at  an  antiquity  far 
more  greatly  removed  from  Silurian  time  than  Silurian  time  is  trom 
our  own  ages ;  for  the  differences  which  then  separated  the  two 
groups  appear  to  have  been  almost  as  gigantic  in  importance  as 
those  which  divide  the  Hydrozoa  and  Polyzoa  of  the  present  day.' 

For  the  purpose  of  comparison  I  append  a  list  of  the  leading 
genera  of  the  Graptolites  with  the  genera  of  Polyzoa  found  in  the 
same  formations. 


FORWATIO.V. 

tipper  Lingnla 

FUgii. 

Arenig     tad 

Llandeilo. 


ipworlh,    [\-.J  McholHm.    (S.M.C.)  Bohoolof  HineiCiUlo^a. 

Genera  onlj  given,  with  oorregpoading  jncreue  of  PoIjhm. 

OldAamia  aaliqua.  Foibea;  O.  rodiota,  Forbei  (3.M.C.  p.  8). 

Dietiionetaa  tociaU,  Sailer  (S.M.C.  p.  IS],  abo  ia  Tremidoa  (Itlei 
(N.) 

Diehagmptia,  DidymagTaptiu.  TOrtgraptiti,  Climaeogrtoitiu.  DipU- 
jfToplua.  GTaplaliihia,  Batlrita,  fairfyonflna  ?  J'Sj/lograplii, 
GraptoUthut  (S.M.C.  pp.  17-lS).  Trigoncgraiitiu.  AUoympKu, 
Deiidriigraplui,  CaUograptui,  d'clj/iifriiiriiu  (Lap.).  PoLVZOA: 
Phgllopora,  Ptilodiaya  (Lowar  Llendeila),  Branching  poljioOD 
(S.M.C.  p.  20],  hardlj  diatingaighBbls  in  rorm  from  Graft)- 
titkina.  onl;  it  is  calcareong. 

IHdyiAograptui.  Tttragraptua,  ClinuKograptut.  Diplograpivs,  JHera' 
noaraplus,  QraplotUMus,  RattrUei.  Dictftonfma^  Fntovirjfulariif 
Hilice^apttii,  PltuTBgraplui,  DiallagTaptaa,  Cyrlegraptua  (S.U. 
C.  pp.  23-24J.    PoLizOA  :  FtiUklietya  and  FtntsttUa!  n.ap.  (ibid. 


'  Oeologioal  Memoira  of  North  Wales,  p.  328,  1866. 

•  Ibid.  >  British  Orapttlilida,  p.  86. 

*  CgncladiQgremBitinUb.lA^VQKh'a  letter  to  me,  Uay  16,  1881. 


U.  Llandorery. 
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ClLradoc.  Climacograpius,  JHplograpttis,  Dieranograpttu^  Veniirograptus^  Grapto^ 

lithus  (8.M.C.  p.  81).  Polyzoa:  BerenieeUt  Fenestella?  Glauco- 
Home,  Fhytlopora,  FHlodictyat  great  increase  of  species  (Ibid, 
p.  44). 

L.  Llandorery.'  No  Graptolites  in  S.  M.  Cat.,  Climacograptus  one  sp.,   Graptolitea 

priodoK,  Bronn  (Nich.  Mono.  pp.  97.  d8).    Poltzoa  :  Fmestella  ? 
Glauconome  innexa,  Phyllopora,  Ptihdictya. 
Grafftolithus  priodon, IHetyonema  (S.M.C.  p.  69).    Polyzoa:  Ptilo' 
I      dtetya,  FeneaUlla. 

TTenlock  Shale.  CladoaraptuSt    Cyrtoqraptus,    Oraptolithus^    Retiolites^    Dictyonema 

I      (S.M.C.  p.  81).    Polyzoa:  Fmestella,  Ptilodictya  (Stomatopora 

I      species,  vine). 

WenlockLime-  Oraptoliihua  priodon,  Bronn  (S.M.C.  p.   93),    Graptolites  eolonoSf 

stone.  Betiolites,   Cyrtograptus,  Ptilograptus  (Fich.  p.  98).    Polyzoa  : 

great  increase  of  species,  see  list. 

Lower  Ladlow.  DendroffrapfuSt  Graptoliihus  (S.M.C.  p.  116).    Four  species  recorded 

I      both  in  Uatalogne  and  the  same  by  Nicholson. 
Upper  Ladlow.  GraptolUhus  sp.  recorded  (S.M.C.  p.  128). 

112,  Hill  Top,  Attbrcliffe,  Sheffibld.^ 

Errata,  etc. 

Page  471 — 8  lines  from  bottom  remove  bracket  after  "  snb-order  ")  and  place  it 
after  ** remains")  in  line  above. 

Page  478 — Between  •*  Branches,"  and  "  Gonooeciam  "  insert — 
Dissepiments.    **  Bars  which  connect  together  the  branches." 


I^  E  V  I  E  ^W  S- 

I. — On  thb  Oboanization  of  thb  Fossil  Plants  of  the  Coal- 
measures.  Part  XL  By  Prof.  W.  C.  Williamson,  F.R.S. 
Phil.  Trans.  Roy.  Soc,  Vol.  172,  Pt.  2, 1881,  p.  283,  and  Plates 
47-54. 

THE  contributions  of  Prof.  Williamson  to  the  Royal  Society  on 
the  organization  of  the  fossil  plants  of  the  Coal-measures  have 
now  reached  the  eleventh  part,  which  indicates  the  same  amount  of 
labour  and  is  of  equal  interest  and  importance  as  the  preceding  series. 
Throughout  these  researches  the  author  has  shown  his  intimate 
acquaintance  with  the  views  of  both  English  and  foreign  writers 
on  the  subject,  while  his  study  of  the  recent  Cryptogamia,  which  he 
has  cultivated  for  the  especial  purpose  of  comparison,  has  been  of 
material  importance  in  these  investigations,  and  although  some  few 
points  in  the  structure  and  affinities  of  the  fossils  may  be  differently 
interpreted  by  other  palasobotanists,  the  carefully  executed  and 
enlarged  figures  prepared  by  himself  will  be  invaluable  for  the  study 
of  coal  plants. 

In  the  present  paper  the  author  discusses  the  opinion  of  M. 
Renault  on  the  relation  of  Sigillaria  and  Lepidodendron,  and  after 
describing  some  new  sections  of  these  plants.  Prof.  Williamson  con- 
siders there  is  "  a  clear  proof  that,  contrary  to  the  conclusions  of  M. 
Renault,  age  does  bring  about  very  important  changes  in  the  form 
and  arrangement  of  the  tissues  in  the  branches  of  these  plants." 
Further,  his  most  recent  researches  have  brought  to  light  another 
very  remarkable    series    of    facts    indicating    the    Lycopodiaceous 


I  My  next  Report  will  be  "  Jnrassic  Polyzoa.'*    Any  help  which  can  be  {^iven  to  me, 
■  by  the  loan  or  *•  g^  " 
)f  any  sort,  will  be  daiy  i 
and  exact  as  poflsible.— G.  B.  V. 


either  Dy  the  loan  or  **  g^  "  of  speciraeDs ;  any  notes  of  species  in  different  localities ; 
or  help  of  any  sort,  will  be  daly  acknowledged.    I  desire  to  make  the  Beport  as  fall 
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character  of  the  Lepido dendroid  acd  Sigillarian  stems,  for  "wtiBt- 
ever  elee  may  be  doubtful,  there  ia  bo  doubt  that  SUgmaria  fiemAtt, 
with  ita  peculiar  rootlets,  is  the  root  alike  of  Lrpidodetidron  and 
Sigitlaria."  With  regard  to  these  rootlets,  the  perusal  of  a  very 
important  paper  by  M.  Van  Tieghem,  noticiug  a  peculiar  stnictare 
of  the  true  roots  of  Lycopods  (Sur  la  Bymmetrie  de  etniciure  du 
plantes  vasoutaires,  Ajin.  Scieo.  Nat.  tome  13,  1870),  led  Prof. 
Williamson  to  re-examine  the  rootlets  of  Stigntaria,  and  the  resnlli 
are  described  at  pp.  291-294,  from  which  it  is  demonstrated  that 
"  we  have  in  each  of  these  rootlets  a  single  vascular  bundle  that 
commences  its  development  eccentrically  in  relation  lo  the  centre  of 
the  rootlet  to  which  it  belongs,  and  that,  proceeding  from  this  one 
pole,  it  is  developed  oentri petal ly,  the  extent  of  tliat  development, 
including  the  number  of  its  constituent  vcasels,  bearing  a  general 
relation  to  the  age  of  the  rootlet  so  far  as  is  indicated  by  its  size. 
Excepting  in  the  magnitude  of  the  liber-oells,  the  resemblance  lo 
the  corresponding  organs  in  the  Sela^inellea  is  complete.  Seeing 
that  this  peculiar  structure  only  exists  in  the  recent  Lycopods  and 
OphiogloMea,  and  that  no  other  resemblance  exlate  between  the  fossil 
Ijepidodendra  and  SigiUartre  and  the  Ophioghsietc,  we  must  fall  back 
upon  the  Lj'cojiode  as  the  plants  with  which  this  form  of  rootlet 
indicates  tme  affinities." 

In  the  general  conclusions  respecting  Carboniferous  Lyoopods  the 
author  expresses  his  oonvtotion,  "  that  at  least  many  of  the  Lepi- 
dendroid  plants  acquire,  through  advancing  age,  those  charaoteristioi 
that  have  hitherto  been  relied  upon  to  distinguish  the  Sigillarian 
from  the  Lepidodendroid  forms,"  and  again,  it  seems  to  have  been 
during  the  Falceozoio  epoch  that  the  great  changes  were  effected 
which  caused  the  arhoresoent  Lyoopods  to  he  replaced  by  the  oolitio 
Oymnosperms.  The  last  section  of  the  memoir  is  devoted  to 
Calamottaehya  and  PeroitoBporilet.  With  regard  to  the  former 
plant,  considered  to  be  allied  to  the  Equitetaeea,  as  all  the  examples 
hitherto  described  possessed  but  one  kind  of  spore,  the  examination 
of  a  new  specimen  from  the  Halifax  Coal-bed  shows  that  all  the 
sporangia  of  the  uppermost  of  the  three  fertile  verticils,  as  well  as 
those  to  the  right  of  the  middle  one,  are  filled  with  the  small  spores, 
while  the  three  to  the  left  of  the  middle  verticil,  and  all  the  four  cf 
the  lowermost  one,  contain  macrosporee.  Prof.  Williamson  conolndes 
"  that  this  discovery  of  macrosporee  and  microspores  in  Calamotlachfi 
Binaeyana  supplies  another  link  connecting  this  strobiloa  with  the 
Lyeopodiacea  in  the  same  measure  that  it  separates  the  fruit  from  tiie 
Equisetaeete.  That  no  plant  belonging  to  the  latter  order  ever 
possessed  both  maorosporea  and  microspores  is  more  than  wo  can 
venture  to  affirm ;  but  that  no  living  representative  of  the  group  is 
known  to  do  so  is  an  unquestionable  fact — hence  to  include  an 
heterosporous  Calamottaehyt  in  the  Equisetaceous  order  will  involve 
so  large  an  alteration  in  the  definition  of  the  characteriatics  of  this 
order  as  would  practically  involve  the  creation  of  a  new  one.  On 
the  other  hand,  this  discovery  strengthens  my  old  conviction  that  the 
true  affinities  of  tlus  stiobWuB  ax«  >K\tk  tiio  L^eopodiaoem.     The 
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vertioillate  arrangement  of  the  frnit,  and  of  what  I  believe  to  be  the 
leaves  {ABlerophylliies  or  Sphenophyllum),  constitute  no  difficulty 
preventing  ua  from  accepting  this  conclusion.  Brongniart  long  ago 
pointed  how  commonly  a  verticillate  foliage  occurred  amongst  living 
Lycopods."  Figures  of  this  interesting  form  are  given  (pi.  54,  figs. 
23-27),  and  also  of  Feronosporites,  figs.  28-38.  J.  M. 


H. — ^Etna  :  A  HiSTOKY  of  the  Mountain  and  its  Ebuptions.  By 
G.  F.  BoDWBLL.  With  Maps  and  Illustrations.  (C.  Kegau 
Paul  &  Co.,  1881.) 

THE  Memoir  on  Mount  Etna,  or  Monte  Gibello,  which  Mr.  Rodwell 
reprints  from  the  Encydopcedia  Britannica,  contains  little  that  is 
new.  He  refers  to  the  writings  of  liord  Winchelsea,  Sir  William 
Hamilton,  and  Patrick  Brydone,  and  the  later  works  of  Elie  de 
Beaumont  and  of  Sartorius  von  Waltershausen,  the  latter  being 
undoubtedly  the  finest  and  most  exhaustive  work  on  the  volcano. 
Etna  is  about  the  grandest  natural  object  to  be  met  with  in  Europe  ; 
as  was  pointed  out  by  the  late  Prof.  Jukes,  we  should  have  to  put 
Snowdon  on  Ben  Nevis,  and  Carrantuohill,  the  highest  peak  in 
Ireland,  on  the  summit  of  both  to  make  a  mountain  like  Etna. 
There  are  two  cities,  Catania  and  Aci  Heale,  and  sixty -two  towns  or 
villages  on  its  slopes.  By  reason  of  the  wonderful  fertility  of  the 
soil  and  the  healthiness  of  the  climate,  it  is  far  more  thickly  popu- 
lated than  any  other  part  of  Sicily  or  Italy ;  more  than  300,000 
persons  live  on  its  sides;  the  population  of  the  habitable  zone  of 
Etna  amounts  to  1424  per  square  mile.  Even  Lancashire,  the  most 
populous  county  in  Great  Britain  (of  course  excepting  Middlesex), 
and  the  possessor  of  two  cities  which  also  furnish  more  than  a 
million  inhabitants,  has  a  population  of  only  1479  to  the  square  mile. 
The  minor  craters  round  the  centre  cone  are  to  be  counted  by 
hundreds.  The  account  of  the  ascent,  and  the  stay  on  the  way  at 
the  Casa  Inglesi,  is  much  like  that  which  we  have  all  read  in  daily 
papers  or  weekly  journals.  The  summit  was  reached  just  before 
sunrise,  and  Mr.  Rodwell  had  the  good  fortune  to  see  the  projection 
of  the  triangular  shadow  of  the  mountain  across  the  island,  a  hundred 
miles  away.  The  shadow  appeared  vertically  suspended  in  space  at 
or  beyond  Palermo,  and  resting  on  a  slightly  misty  atmosphere  ;  it 
gradually  sank  until  it  reached  the  surface  of  the  island,  and  as  the 
sun  rose  it  approached  nearer  and  nearer  to  the  base  of  the  mountain. 
llie  more  purely  scientific  part  of  this  memoir  does  not  appear  to  be 
strong ;  "  hydrochloric  acid,"  he  writes,  "  is  said  to  frequently  issue 
from  the  crater."  The  snow  which  falls  on  the  mountain  is  stowed 
away  in  caves  and  used  by  the  Sicilians  during  summer.  A  ship 
load  is  also  sent  to  Malta,  and  the  Archbishop  of  Catania  derives  a 
good  deal  of  his  income  from  the  sale  of  Etna  snow.  During  the 
descent  the  apparent  nearness  of  the  minor  cones  and  of  the  villages 
at  the  base  of  the  mountain  strikes  the  observer.  They  appear  to  be 
painted  on  a  vertical  wall,  and  although  from  ten  to  fifteen  miles 
distant,  seem  to  be  almost  within  a  stone's  throw.    This  is  the  efiiect 
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of  refi-oction.  for  at  tbe  euraniit  we  leave  one-third  of  the  atmosphere 
beneath  qh,  anil  in  looking  towards  the  base  we  are  looking  frum 
a  rarer  to  a  denser  medium.  In  a,  chapter  he  gives  an  account  of 
ae veil ty -eight  eruptions  of  the  volcano.  The  coloured  map  of  Etn* 
is  curious  in  that  the  beds  of  modern  lava  bear  the  closest  resem- 
blance to  stag's  horn  moss.  Mr.  Butiey  diBconrses  on  the  microscopic 
characters  of  the  sections  of  the  lavae.  and  speaks  of  "  a  slight 
residiiUDi  of  glass,"  "  some  interstitial  glnss,"  "  e.  small  quantity  of 
interstitial  glnss."  Would  it  not  be  well  to  let  tlie  reader  know 
what  is  meant  by  the  very  technical  use  of  this  word  "glass  "? 


III. — OsoLOOioAK  SkAob  ov  tb*  Nostb  cm  Fkunn  ura  ns 
AwAoniT  Dmsion. 

ESQUIBBB     OttOLOQlVSm     DO    KOSD     DB    LA    TbAHOB    Wt    DBi    OoB- 

ts£b8  toibibbb.  Par  H.  J.  Oobbblbt,  Profenear  i  U  noBttf 
dea  SoienoM  de  LUIa.  8*  FMooole,  TemioB  SaooBdainB. 
(Lille,  1881.) 

AMONG  bis  nnmarwia  oontribttdoni  to  geological  acuaoe,  FniC' 
J.  Gosselet  has  prepared  a  geologioal  sketch  of  the  Depart- 
ment of  the  North  and  adjacent  diBtricts,  of  which  two  parts  have 
appeared.  A  work  by  him  under  a  similar  title,  but  on  a  emaller 
scale,  and  without  illustrations,  was  published  about  five  years  ago. 

The  first  part  of  the  enlarged  edition  comprises  the  Palseozoie 
rocks,  the  present  part  is  devoted  to  the  "Terrains  Secondaires," 
including  the  Triassic,  Jurassic,  and  Cretaceous  series  of  the 
northern  region  of  France.  The  palteontologioal,  mineralogical,  and 
stratigraphical  characters  of  each  great  division,  and  their  geographi- 
cal distribution,  are  given,  followed  by  a  concise  description  of  the 
subdivisions  of  each  group,  with  lista  of  the  most  characteristto 
fossils,  and  useful  synoptical  tables  of  the  Jurassic  and  Cretaceous 
strata.  This  second  fasciculus  is  accompanied  by  an  atlas  containing 
thirteen  carefully  executed  plates  of  the  more  characteristic  fossils  of 
each  subdivision  from  the  Hettangion  to  the  Turonien,  four  double 
plates  showing  the  area  of  the  continental  land,  and  of  the  sea 
deposits  of  the  Jurassic,  Albien,  Ceuomanien,  Turonien,  and  Senonien 
epochs,  as  well  as  six  doable  plates  illustrating  fifty-five  of  the 
more  important  geological  sections  and  superposition  of  the  strata  is 
the  country.  This  work  when  completed  will  form  a  useful  reauW 
to  those  interested  in  the  leading  geological  features  of  the  northern 
district  of  France,  or  in  comparing  them  with  the  synchronous 
deposits  of  our  own  country. 

For  the  "  Esquisse  Geologique "  and  other  memoirs  bearing  on 
the  geological  constitution  of  the  Ardennes,  the  Academy  of  Sciences 
of  Paris  this  year  awarded  the  Bourdin  prize,— a  worthy  recognition 
of  the  conscientious  labours  of  Prof.  J.  Gosselet  for  many  years  on 
the  geology  of  his  Department  (du  Nord)  and  the  adjacent  oountiy. 

J.  M. 
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THE  "LOWER  KEUPER  SANDSTONE"  OK  "BASEMENT  BEDS." 

Sib, — ^While  cordially  agreeing  with  much  that  Mr.  Strahan  has 
to  say  on  the  above  subject,  I  would  enter  a  strong  protest  against 
the  general  line  of  argument  which  runs  through  his  paper  to 
the  effect  that,  in  the  Midland  counties,  the  Basement  Beds  of  the 
Keuper  are  more  closely  connected  stratigraphically  as  well  as  litho- 
logically  with  the  underlying  Bunter  sandstone  than  with  the  over- 
lying members  of  the  Eeuper,  and  that  the  most  important  break  in 
the  Triassic  series  comes  at  the  base,  not  of  the  Basement  Beds  of 
the  Eeuper,  but  of  the  Waterstones.  In  the  counties  of  Nottingham, 
Derby,  and  Stafford,  the  Eeuper  Basement  Beds  consist  of  a  series 
of  white  and  red  sandstones  and  conglomerates  with  irregular  inter- 
Btratifications  of  red  marl ;  they  are  very  variable  in  character  and 
thickness,  never  more  than  50  or  60  feet,  and  often  entirely  absent 
On  the  east  side  of  Nottingham  the  Eeuper  Basement  Beds  (when 
present)  rest  on  the  Pebble  Beds  of  the  Bunter ;  but  four  miles  west 
of  the  town,  in  Stapleford  Hill  (where  by  the  way  they  are  locally 
Tvell  developed),  and  in  Catstone  Hill,  they  repose  directly  on  the 
Lower  Mottled  Sandstone  of  the  Bunter.  Here  then  we  get  decisive 
evidence  of  an  unconformable  overlap  of  the  Bunter  Pebble  Beds  by 
the  Keuper  Basement  Beds,  and  the  removal  of  at  leetst  200  feet  of 
strata  during  the  interval  of  time  which  separated  those  two  groups 
of  ro«ks. 

Mr.  Strahan  cites  the  appearances  of  erosion  of  the  Basement  Beds 
beneath  the  Waterstones  in  support  of  his  theory  of  a  great  break  at 
that  horizon,  but  denies  that  erosion  of  the  rocks  beneath  the  Base- 
ment Beds  is  of  any  value  as  evidence  of  a  break  between  the  Base- 
ment Beds  and  the  Bunter.  About  three  years  ago  I  had  the  op- 
portunity of  examining  the  junction  of  the  Keuper  Basement  Beds 
and  Waterstones,  at  Colwick  Wood  near  Nottingham,  for  a  dist^ince 
of  over  a  hundred  yards.  In  this  section  the  (irregular)  bedding 
planes  of  the  Basement  Beds  ran  roughly  parallel  with  those  of  the 
Waterstones.  At  the  top,  though  the  junction  line  was  quite  even, 
the  B«isement  Beds  certainly  had  the  appearance  of  having  suffered 
denudation  before  the  deposition  of  the  Waterstones.  In  view  how- 
ever of  the  abundant  evidences  of  contemporaneous  erosion  in  the 
Basement  Beds,  no  importance  can  be  attached  to  these  appearances 
as  indicative  of  any  considerable  lapse  of  time  between  the  two 
series.  The  Waterstones  and  the  Basement  Beds  were  apparently 
conformable.  This  conformability  is  equally  evident  in  the  district 
of  Alton,  Staffordshire. 

It  is  true  that,  in  parts  of  Notts  and  Derbyshire,  the  upper  mem- 
bers of  the  Keuper  overlap  the  Keuper  Basement  Beds  and  rest  on 
the  Bunter  and  older  rocks,  but  we  have  good  reason  for  believing 
that  this  is  simply  a  conformable  overlap,  for  the  Waterstones  are 
themselves  also  partially  or  wholly  cut  out  by  the  rising  surface  of 
the  older  underlying  rocks. 
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At  the  oIo«e  of  the  Banter  period*  ele^atioik  took  plaoe,  in  fhe 
Midlands  oertainly,  if  not  generally  throngiiont  the  oonntiyy  looom- 
panied  by  extensile  and  long-oontinned  denudation:  during  this 
interval  of  time  the  land  appears  to  have  been  oat  up  by  anbaSiisl 
erosion,  and  its  surfaoe  furrowed  by  ohannels. 

On  depression  again  setting  in  at  the  oommenoeinent  of  the  Kenper 
period,  these  hollows  appear  to  have  been  first  filled  op  loj  coam 
sediments  that  were  drifted  along  by  powerfbl  westerfy  oanents. 
This  will  snffioe  to  explain  the  looal  development  and  rapid  flootna- 
tions  in  thickness  of  the  Reaper  Basement  Beds. 

In  lithologioal  oharaoter  the  Reaper  Basement  Beds  show  mailced 
differences  both  from  the  underlying  Banter  Sandstones  and  the 
overlying  Waterstones ;  though  there  are  beds  in  the  aeriee  whidi 
strongly  resemble  one  or  other  of  those  rooks.  7Mea%,  however, 
the  texture  of  the  Basement  Beds  is  essentially  Reaper-like :  the 
grains  of  sand,  whether  coarse  as  any  Banter  or  fine  as  any  Eleoper 
sandstone,  are  mostly  angular,  dean,  and  of  a  fiat  and  elongated  oi 
schistose  type,  while  those  of  the  Banter  are  of  a  more  gbmilar  or 
granitic  type,  and  generally  stained  with  a  coating  of  farrio  oxide; 
mica  too  is  much  more  abundant  than  in  most  Buntor  Sandstones. 
The  quartzites  of  the  Keuper  Basement  Beds  count  for  less  than 
nothing,  as  they  have  all  the  appearance  of  having  been  derived 
from  the  waste  of  the  Banter  Pebble  Beds. 

I  quite  agree  with  Mr.  Strahan  that  the  Keuper  Basement  Beds, 
as  defined  by  him,  form  a  distinct  subdivision  of  the  Triassic  series, 
and  that  whilst  the  Waterstones  graduate  up  into  the  Red  Marls,  and 
their  division  therefrom  is  arbitrary,  the  Basement  Beds  are  sharply 
separated  from  the  rest  of  the  Keuper. 

In  conclusion,  I  would  recommend  the  retention  of  the  term 
''  Basement  Beds "  applied  to  these  rocks  as  more  expressive  and 
less  open  to  misinterpretation  than  that  horribly  confusing  phrase 
"Lower  Keuper  Sandstone."  E.  Wilson. 

NOTTINOHAM,  6  Oct.  1881. 

MR.  FISHER'S  REPLY  TO  MR.  DAY'S  CRITICISM. 

Sir, — If  Mr.  Day  will  consider  what  I  meant  by  "  obliquity  of 
trend,"  in  the  trace  of  a  furrow,  made  by  a  railway  cutting,  he  will 
perceive  that  my  assertion  is  correct,  that  "  no  apparent  obliquity 
of  trend  can  be  given  by  a  vertical  section,  e.g.  by  a  vertical  cliflf." 
I  believe  that  the  difference  between  us  arises  from  our  understand- 
ing the  obliquity  to  apply  to  different  angles.^ 

To  use  Mr.  Day's  illustration  of  a  shadow :  let  the  shadow,  made 
by  horizontal  rays,  of  a  vertical  square,  whose  sides  are  vertical  and 
horizontal,  fall  upon  a  plane  which  is  not  parallel  to  the  plane  of 
the  square.  So  long  as  the  plane  which  receives  the  shadow  is 
vertical  (which  answers  to  the  vertical  cliff),  the  shadow  of  a  vertical 
edge  of  the  square  will  be  perpendicular  to  a  horizontal  line  drawn 
on  the  plane.  But  if  the  plane  be  inclined  to  the  horizon,  the  shadow 
of  the  vertical  edge  of  the  square  will  no  longer  be  perpendicular  to 
the  horizontal  line.    It  is  the  angle  between  the  shadow  of  the  edge 
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and  a  perpendicular  to  the  horizontal  line,  which  measures  the 
**  obliquity  of  trend,"  caused,  as  it  will  be  observed,  by  the  shadow- 
receiving  plane  being  inclined  to  the  horizon.  If  the  plane  be 
-vertical,  there  will  be  no  such  obliquity. 

0.   FiSHEB. 

RATE  OP  DENUDATION  OP  THE  LAND  BY  RIVERS. 

Stb, — In  a  paper  published  in  April,  1853,  in  the  Phil.  Mag. 
I  have  calculated  the  mean  denudation  of  the  land  by  rivers  and 
the  sea  to  be  equal  to  three  feet  in  10,000  years,  taken  over  the 
whole  surface  of  the  land.  I  further  corrected  this  in  1875, 
Appendix  Qeol.  Mao.  p.  438,  ei  seq.,  by  taking  into  account  the 
quantity  of  material  not  in  suspension,  viz.  sand,  etc.,  pushed  out 
to  sea  by  rivers.  I  find  this  equal  to  twice  as  much  denudation  as 
the  material  carried  out  to  sea  in  suspension  indicated  by  a  new 
method. 

I  omitted  this  point  in  1853,  and  Mr.  James  Croll,  who  followed 
my  method  of  calculations,  has  always  omitted  it  also. 

This  denudation  would  be  nearly  ten  feet  in  10,000  years,  or  one 
foot  in  1000  years,  with  the  present  rainfall.  But  in  the  Pluvial 
period  the  rainfall  would  be  300  inches,  or  about  ten  times  as  great 
as  the  present   Belgrand  afterwards  suggested  a  twenty-fold  rainfall. 

By  my  formula  of  the  increase  of  velocity  of  water  at  the  same 
elope,  according  to  increase  of  quantity,  I  found  the  velocity  of 
streams  would  be  enormously  increased  in  the  Pluvisd  period, 
particularly  in  the  rainy  seasons,  as  the  quantity  flowing  in  rivers 
would  be  enormous.  If  the  quantity  of  rain  increased  eight  times, 
the  velocity  of  the  stream  would  be  double;  but  if  the  rainfall  was 
very  unequal,  the  mean  velocity  for  the  year  might  be  much  in 
excess,  say  three  times  the  present  velocity.  In  the  Pluvial  period, 
if  the  mean  velocity  may  have  been  three  times  the  present  mean 
velocity  of  streams  and  rivers,  Hopkins  has  shown  the  power  of 
moving  material  increases  in  an  enormous  ratio  with  the  velocity. 
If  the  moving  force  for  removing  strata  is  as  the  fifth  power, 
and  the  velocity  3  times,  then  as  3  *  equals  729,  the  mean  denuda- 
tion in  the  Pluvial  period  would  be  729  times  the  present.  This 
would  be  equal  to  a  mean  removal  of  9  inches  in  the  year  off  the 
land,  and  a  mean  deposit  of  3  inches  in  the  sea,  raising  the  sea-level 
to  that  extent. 

The  deltas  of  all  great  modem  rivers  are  formed  of  thin  stratified 
beds  containing  land  plants,  and  always  recent  fresh-water  shells 
that  can  only  live  in  shallow  fresh-water,  or  shells  or  animals  living 
in  estuaries.  The  surface  of  these  modem  deltas  is  always  near  the 
level  of  the  sea  at  the  shore-line,  and  must  have  always  been  so 
during  their  formation,  as  they  are  all  shallow-water  deposits.  As 
the  sea-level  rose  during  the  supposed  period  of  729  years,  the 
deposits  must  all  that  time  have  exactly  kept  up  with  the  elevation 
in  order  to  keep  marine  deposits  away.  The  depth  of  these  delta 
deposits  is  from  500  to  1000  feet,  as  ascertained  by  borings. 

In  3000  years,  with  a  mean  denudation  of  land  of  9  inches  a  year, 


526         Corre»po»e/e»ce—Il.  B.  W.—Mt:  W.  W.  Wiil/n. 

and  an  aunual  rise  of  the  sea  of  3  iiichee  of  Bea-level,  a  delta  of 
720  feet  could  Lave  been  formed  by  the  deposits  obtaioeii  by  llio 
overflow  of  Ihe  river-water,  with  the  aBsistance  of  Bome  muUTitil 
thrown  back  by  the  aea  into  the  eatiiary  or  delta. 

The  deltas  of  ftll  our  great  rivei-s  are  thus  later  than  Post -Pliocene. 
and  of  the  ago  of  the  Pluvial  period.     No  part  of  any  of  these  deltna 
has  been  uplifted  by  volcanic   or  subterranean  agenoy  above  the 
general  level  of  the  deltjt;   this  is  another  proof  of  recent  origin. 
Altucd  Tyi/>b. 


EOCK-BABIMS  IN  GKANITE. 
Sir, — In  reply  to  the  qiiery  of  Mr.  T,  Crogor  in  your  last  number, 
I  would  refer  him  to  a  paper  "  On  the  Rock-Batiins  in  tfae  Granite  of 
the  Dartmoor  District,  Devonshire,"  by  G.  W.  Ormorod  (Quart. 
Joiim.  Geol.  Soc.  vol.  kv.  p.  HJ),  In  this  paper  the  author  brint^s 
forward  reasons  for  considering  that  the  Rock-basins  were  formed 
by  atmospheric  action,  which  commenced  in  irregularities  on  the 
surface  of  the  granite  and  was  probably  assisted  by  a  globular  ot 
spheroidal  structitre  in  the  rock.  H.  B.  W. 

jmNT-sTiaTTcm-;  .\t  gkkat  deptes. 

Sir,— Mr.  Crosby  (Geol.  Mao.  Sept.  1881,  p.  416)  explains  the 
absence  of  joint-structure  at  great  depths  by  attributing  the  forma- 
tion of  these  divisional  planes  to  the  cooling  of  strata  from  a 
temperature  which  prevented  them  from  becoming  jointed  by  con- 
traction before  they  were  thoroughly  desiccated  and  consolidated. 
This  appears  to  me  to  explain  what  occurs  in  jointed  conglomerates, 
in  which  hard  quartz  and  other  pebbles  are  often  "cut  through  by 
joints,  as  neatly  as  if  they  had  been  sliced  by  a  lapidary's  wheel" 
But,  if  this  is  the  cause  of  jointing,  why  have  we  joint  planes 
continuous  in  direction  over  wide  areas,  cutting  rocks  up  into  cuboidal 
or  polygonal  masses,  and  not  division  along  planes  of  least  resist- 
ance, such  as  would  form  the  prisms  so  familiar  iu  rocks  which  have 
cooled  from  fusion  or  from  a  high  temperature  like  the  columnar 
mud  of  Tideswell  dale. 

The  conditions  suggested  by  Mr.  Crosby  appear  to  me  to  be  such 
as  would  produce  columnar  jointing,  viz.  slow,  regular  contrac- 
tion in  a  more  or  less  homogeneous  rock  ;  why  then  is  not  the  joint- 
ing of  this  nature?  Seeking  purely  for  information  on  this  head, 
I  am  yours,  &o.,  W.  W.  Watts. 

SlDKBT    COLLBOB,    CaUBI 

Otloitr  i\lh,  1881. 


DISCOVERT  OF  COAL-MEASURES  UNDER  NEW  EED  SANDSTONE 
AND  ON  SO-CALLED  PERMIAN  ROCKS  AT  ST.  HELEN'S,  LANCA- 
SHIRE. 

Sir, — Permit  me  to  point  out  that  the  author  of  this  paper  in  the 
current  number  of  the  Geoloqioal  Magazine,  in  identifying  the 
liuieetoae  bands  met  with  beneath  the  New  Bed  Sandstone  at 
Winwick  in  1879,  with  the  Ardwick  Limestones  of  the  Manchester 
Coal-field,  does  not  state  that  this  identification  was  made  by  me 
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in  May  of  that  year,  when  Mr.  A.  Timmins,  Stud.  Inst.  C.E.,  kindly 

showed  me  the  series  of  specimens,  at  Euncom.     Mr.  A.  Timmins 

bad  himself  recognized  the  fact  that  the  heds  in  question  were  lime- 

stones,  and  had,  in  fact,  made  a  rough  analysis  of  them,  whicli  I 

urged  him  to  send  to  the  Manchester  Geological  Society,  with  a  note 

from  myself  as  to  their  geological  identification,  which  I  at  once 

recognized — ^having  shortly   before,    through   the  courtesy   of  Mr. 

Vivian,  of  the  North  England  Hock  Boring  Company,  examined  the 

fine  series  of  cores  obtained  at  Clayton  Vale,  east  of  Manchester, 

where  the  Ardwick  Series  was  penetrated.     In  the  fifth  report  of  the 

Underground  Water  Committee  of  the  British  Association,  read  at 

Sheffield  in  August,  1879,  and  printed  in  the  volume  for  that  year,  I 

alluded  to  my  identification,  and  in  June,  1880,  I  published  the 

detailed  section  of  the  Winwick  boring,  drawn  up  from  my  notes  of  the 

samples,  in  my  paper  published  in  the  Manchester  Geological  Society's 

Transactions,  on  "Further  Notes  onTriassic  Borings  near  Warrington." 

From  which,  perhaps,  I  may  be  permitted  to  quote  the  following 

passages.     "These  Coal-measure  deposits  occurring  at  a  depth  of 

only  340  feet  or  113  yards  from  the  surface,  cannot  be  regarded  as 

a  discovery  of  the  highest  commercial  iQterest,  for  looking  to  the 

westerly  attenuation  of  thickness  of  the  Coal-measures  of  South 

Lancashire,  to  which  I  have  already  drawn  the  attention  of  the 

Society,  there  can  be  little  doubt  but  that  the  Manchester  Coal-field 

will  occur  at  a  less  depth  beneath  the  limestone  than  at  Manchester, 

in  which  case  a  valuable  and  workable  Coal-field  may  be  under  the 

London  and  North  Western  Eailway  at  Parkside,  where  a  boring 

has  recently  been  carried  out,"  ....  and,  "  should  the  limestones 

of  Winwick  belong  to  the  same  horizon  as  those  of  the  Manchester 

Coal-field,  it  is  in  the  highest  degree  probable  that  another  600  feet, 

and  possibly  much  less,  would  reach  the  Openshaw  Coal,  or  its 

equivalents." 

H.  M.  Geol.  Survey,  ChaS.  Db  Ranob.  F.G.S., 

64,  West  Parade,  Rhyl.  Assoc.  Inst.  C.E. 

MR.  H.  n.  nOWORTH  ON  THE  SUDDEN  EXTINCTION  OF  THE 

MAMMOTH. 

SiK, — As  one  of  a  numerous  body  of  students  of  that  most  fasci- 
nating science  Geology,  I  venture  to  address  you  a  few  lines  to  ask 
you  to  use  your  influence  to  induce  writers,  at  least  in  your  own 
Magazine,  to  make  use  of  their  own  language  in  their  scientific 
papers,  and  so  to  largely  to  increase  the  number  of  their  readers. 
In  your  September  Number  is  a  paper  on  a  subject  in  which  I — 
and  many  other  equaUy  unlearned  students  of  nature — take  much 
interest.  From  the  cause  above  named,  all  who  are  not  thoroughly 
versed  in  both  Latin  and  German  are  bound  to  take  on  trust  evidence 
that  is  quoted  in  support  of  the  theory  brought  forward,  which 
evidence,  had  it  been  given  in  English,  would  have  considerably 
increased  the  interest  in  the  paper  of  myself  and  many  other  of 
your  readers.  Why  should  Englishmen,  more  than  any  other  men, 
err  in  this  way?    We  have  a  language  much  more  expressive 


tho  L<!wisliam  anil  Hl^.i.'kheatli  St 
tli^y  linvo  lieen  iirvible  to  nrii-i 
prubleni  wliieh  Iny  before  ihem 
has  appended  some  observations, 
which  aoqnaint  us  with  all  tha 
plausible  bis  view  that  tlie  platea 
site  of  Dane's  Holen,  of  which 
aniplee.     (See  Gkol.  Mas.  for  Jn 

POBTBOBIPT  TO  NOTK  OM  A  Kll 
DXTOHIAN,   TOBQOAT,   S.  DkvOK  ( 

was  written  I  have  been  favon 
Beries  of  speoimens  obtained  b; 
yielded  the  Somalonotiu  Chav^ 
have  been  oarefolly  examined  b 
F.B.8.,  who  has  determined  them 

Siytiekm^la  FfHgrllj/ana  ? 

Sl^jiliirkyneliiu  mnAnm  (■■■■, 

BpiriftTtt  euUryugata. 

Chmulei.  ep. 

Oriha.  «p. 

Pultaitni.  ap. 

HvlopeVa,  ap.,  or  Lexenenia,  Bp. 
There  are  also  several  parts  of. 
two  other  species,  and  a  caudal  pt 
jy.  Champemownei,  H.  Woodw. — 
Mb.  H.  Etheeidge,  F.R.S.,  Pb 
has  so  ably  filled  the  post  of  I 
Survey  in  the  Museum  of  Practi( 
past  twenty -four  years,  has  just  ao 
to  the  Department  of  Geology  in  thi 
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I. — COMTBIBUTIONS  TO    THK    StUDY   OF  FoSSIL   CBUSTilOKA. 

By  HxNRT  WooDWA&D,  LL.D.,  F.B.S.,  F.6.S. 

(PLATE  XIV.) 

HAYING  reoeived  an  invitation  from  Mr.  W.  Stoddart  to  examine 
the  collection  of  his  late  father,  Mr.  W.  W.  Stoddart,  F.G.S.,  at 
Sneyd  Park,  Clifton,  Bristol,  I  availed  myself  of  the  opportunity  to  do 
,  80  in  April  last,  and  was  interested  in  finding,  among  many  other  good 
British  fossils,  a  new  and  undesoribed  Crustacean  belonging  to  the 
genus  Eryon,  from  the  Stonesfield  Slate  of  Stonesfield,  Oxfordshire. 

Unfortunately  only  the  intaglio  is  preserved,  the  relievo  side 
having  probably  escaped  detection  or  been  broken  up.  This  is, 
however,  sufficiently  clear  to  enable  one  readily  to  compare  it  with 
the  other  known  forms  of  this  well-marked  genus. 

Ten  species  of  Eryon  have  been  described  from  the  Lithographic 
Stone  of  Solenhofen,  which  may  be  considered  as  probably  near  the 
horizon  of  our  Kimmeridge  Clay.    They  are : — 

Eryon  bilobaHu,  Miinst. 
„     longipet,  Fraaa. 
Schubertiy  Meyer. 
Bedenbaeheri,  Miinst. 


£ryoH  prcpinguut^  Schlot. 
„     tpinimanui,  Oerm., 
,,     orbieulatut,  Miinst. 
„     elongatua^  Miinst. 
„     aretiformUy  Schlot. 


Opp^H,  H.  Woodw. 


To  these  must  be  added  one  species  from  the  Oxford  Clay  of  the 
Haute-Saone,  France,  viz : — 

Eryon  Pwronif  Etallon. 
Next  in  descending  order  will  come  Mr.  Stoddart's  Eryon  from  the 
Stonesfield  Slate. 

\.— Eryon  Stoddarii,  H.  Woodw.,  sp.  nov.    Plate  XIV.  Fig.  2. 

Description. — Carapace  one-third  broader  than  long,  cervical  groove 
moderately  deep  and  well  defined ;  dorsal  ridge  strongly  marked  and 
extending  from  the  posterior  border  to  the  cervical  groove ;  two 
equidistant  branchio-oardiac  ridges  extend  from  the  same  groove  to 
the  posterior  border  on  either  side,  terminating  just  where  the  margin 
of  the  first  abdominal  segment  joins  the  carapace ;  the  cervical  groove 
is  marked  by  a  deep  notch  on  the  border  of  the  carapace,  and  the 
posterior  edge  of  the  notch  is  sharply  toothed  ;  the  branchial  border 
is  evenly  rounded,  and  bears  several  small  denticles  upon  it ;  the 
hepatic  region  has  two  strongly-marked  rounded  notches,  and  the 
border  is  also  finely  dentated ;  the  anterior  border  is  not  clearly 
defined.     Greatest  breadth  of  carapace,  5  centimetres;  length,  3^ 

DBOADB  U^^YOL.  TnL^NO,  XIZ.  ^ 


inaiKod  r)y  two  ('(nivcrgin^  ridf^' 
Tlio  broad  lateral  swiininiiit:;. plate 
This  new  species  of  Erijon  soi 
graphic  and  Oxfordian  Eryons  t 
the  Lias  below,  namely  : — 

From  the  Z 

Eryon  Hartmannij  Meyer, 
,,      Edwardsii,  Monere, 
,,      Moorei,  H.  Woodw., 

And  from  the 
Eryon  Etcher i,  Oppel,  L.  L 
ff  antiquwif  Brodp.,  L. 
,,  Bartotnensis^  M'Coy. 
„  Wilmfotensif^  II.  Wi 
,,  Brodiei^  H.  Woodw. 
,,      erauicheliSy  II.  Woo 

It  will  be  Been  at  a  glance  that 
are   nearly  equally  divided   beti^ 
idgian)    and   the   Lias ;    only   or 
being  found  in  the  Oxford  Clay  of 

Eryon  Stoddarti  most  nearly  a 
which  the  cervical  groove   is  al 
the  dorsal  and  branchio-cardiac 
defined  and  often  absent  in  the  sp 

2. — Eryon  Neocomiensis,  Ilohe: 

That  distinguished  pala^ontolog 
his  well-known  **  Pala}ontologis 
1862),  p.  9,  observes  on  the  ge< 
Eryon,  "  that  one  finds  this  gem 
Lowest  Lias  to  the  Upper  Juras 
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the  GluJk,  ««Tlie  Geology  of  the  Sonth-eut  of  EDgUnd/*  by  G. 
A.  Mantell,  p.  373,  >  (1833),  8to. 

On  referring  to  Mantell*8  work,  we  find  a  list  of  fbesils  given  and 
the  genua  Eryom  qaoted ;  with  a  foot-note  stating  that  the  specimen 
was  "  too  imperfect  for  the  species  to  be  ascertained."  As  no  figure 
is  given,  nor  does  any  Cretaceous  Erifom  exist  among  the  Mantellian 
Collection  pieeerved  in  our  National  Museum,  we  may,  I  think,  justly 
conclude  thai  the  reference  made  by  Dr.  Mantell  to  Erif<m  as  occur- 
ring in  the  Chalk  was  erroneous. 

Although  the  specimen  dted  by  the  late  Dr.  Oppel  failed  to 
establish  the  existence  of  the  genus  Eryou  in  the  English  Chalk, 
I  have  been  fortunate  in  fixing  the  presence  of  this  genus  in  the 
Neocomian  of  Silesia. 

When  visiting  the  magnificent  palaaontological  collections  pre- 
served in  the  Boyal  Bavarian  Museum  in  Munich,  in  1876,  under 
the  direction  of  Dr.  OppePs  eminent  successor,  Professor  Dr.  Earl 
Zittel,  I  observed  a  most  interesting  and  perfect  example  of  Eryon 
from  the  Lowest  Cretaceous  (Neocomian)  of  the  North  Carpathians 
of  Silesia,  which  by  the  kindness  of  Dr.  Zittel  I  was  permitted  to 
study  and  describe. 

The  fossil,  which  is  preserved  as  an  impression  and  counterpart  in 
two  small  blocks  of  hard  black  bituminous- looking  limestone,  exhibits 
an  entire  Crustacean  measuring  nearly  35  millimetres  in  length,  and 
22  millimetres  in  breadth,  having  the  carapace,  all  the  segments  of 
the  body,  with  the  ''  telson,"  or  tail-spine,  the  broad  natatory  caudal 
appendages,  and  the  great  chelate  fore-limbs  united  together  as  in  life. 

This  specimen  was  obtained  in  Feb.,  1863,  by  Dr.  L.  Hobenegger, 
the  late  Director  of  the  Arch-Ducal  Iron- works  in  Silesia,  Galioia  and 
Hungary,  from  the  Neocomian  of  Niederlishna,  Silesia,  and  named 
by  him  in  MS.  Eryon  Neocomienaia. 

In  describing  the  Lower  Neocomian  of  this  district  [see  Qeognostio 
Sketch  of  the  North  Carpathians  of  Silesia  and  the  aajaoeut  district, 
brought  up  to  the  present  state  of  our  knowledge,  by  L.  Hobenegger 
(Jahrbuoh  der  k.  k.  Geologisohen  Reichsanstalt,  Band  3,  1852,  Wien, 
Royal  8vo.  pp.  135-148,  Taf.  I.)],  Dr.  Hobenegger  writes: — 

"  The  identity  of  the  small  but  numerous  patches  of  *  Coral  Lime- 
stone '  in  this  district,  with  the  Limestone  of  Stramberg,  near 
Neutitscbein,  is  now  established  beyond  a  doubt,  by  means  of  the 
fossils  which  have  been  obtained.  They  may  be  correlated  with 
the  Ignazi  and  Horki  Mountains  in  Moravia  and  Tichau,  Chlebowitz, 
etc.,  in  Neutitscbein. 

"Although  the  fauna  of  this  place  does  not  everywhere  show 
exactly  the  same  facies,  nevertheless  it  embraces  the  charactoriHtio 
bivalves  which  place  its  identity  beyond  all  doubt  Besides  which, 
these  '  Coral  Limestones '  all  resemble  one  another  both  in  their 
mechanical  and  chemical  constitution,  although  they  vary  from  the 
purest  white  to  blackish-grey  in  colour :  which  latter  tint "  [as  well 

*  The  other  references  given  hj  Dr.  Oppel,  riz.  to  Meyer  in  Nova  Acta  J^ipoW. 
Carol.  Acad.  p.  283,  and  to  Morru,  Cat.  Brit  Foa.  1854,  p.  108,  are  but  the  repe- 
tition  of  the  lame  reference  to  MantelL 
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Been  in  the  matrix  of  the  fossil  Eryon  about  to  be  described]  "  '\t 
caused  by  \ta  beiog  strongly  impregnated  witli  bitumen,  and  is  rer; 
promiutiut  in  the  '  Coral  Liiuestone '  of  Bobrek." 

Eryon  Neocomiensii,  sp.  nov.     PI.  SJV.  Fig.  1. 

Description. — Tbe  contour  of  the  carapace  is  nearly  circular,  being 
wider  in  front  tban  behiud :  tbe  anterior  border  is  iudented  neoT 
the  attachment  for  the  antennie  and  the  eye-etalke ;  the  hepatic 
border  has  a  small  and  straight  notch,  and  the  cervical  furrow  ia 
also  marked  by  a  similar  ronnded  indentation  in  the  lateral  margios : 
the  posterior  border  of  the  carapace  ia  roundly  indented;  tbe  first 
abdominal  segment  exactly  occupying  tbe  concavity. 

Tbo  carapace  a]ipears  to  have  been  extremely  Ihio  aud  delicate  in 
texture ;  it  is  divided  by  a  mesial  riilge  running  from  tbe  posterior 
to  the  anterior  margin,  and  by  a  brancbio-cardiao  ridge  on  either  side 
the  mesial  one. 

The  abdominal  segmenta  {with  tbe  exception  of  the  first)  are  nearly 
uniform  in  size,  and  each  has  an  elongated  ridge  down  tba  centre; 
the  lateral  portion  of  each  segment  being  slightly  granular,  and  the 
border  rounded.     They  decrease  from  the  second  to  the  sixth,  from 

7  mm.  to  5  mm.  in  breadth.  The  telaon,  which  is  ha.sla(e  in 
form,  is  6  mm.  long  or  one-fifth  the  entire  length  of  the  whole 
specimen ;  the  telson  and  the  swimmeieta  of  the  tail  together  are 
12  mm.  in  breadtli.  The  large  daws  are  well  preserved  ;  the  hand 
measuring  6  nun.,  and  to  the  extremity  of  the  pincers  11  mm. 
The  chelie  are  long,  slender,  and  recurved,  very  much  resembling 
species  of  Eryen  from  Soleuhofen.  The  wrist  is  only  2  mm-  Iwgi 
the  arm  may  be  estimated  at  11  mm. 

The  eyes  are,  if  present,  indistinct ;  but  the  large  rounded  4bv> 
at  the  base  of  the  outer  antenna  can  be  distinctly  seen  iiDJl-fte 
antennse  and  antfflinuleB  can  also  be  made  out  in  a  good  Iijg^>rUh 
a  pocket  lens.  The  three  basal  joints  of  the  antenne  are  stcMd,.]!^ 
first  two  are  oblong  in  form,  and  the  third  joint  has  the  inner  ni^ 
produced.     Tbe  total  length,  to  tbe  end  of  the  flagellum,  is  up^ 

8  mm.  The  antennnles  are  slender  and  bifid,  and  measuiB  S  li^ft. 
in  total  length. 

Mr.  H.  N.  Moseley,  F.E.8.,  Naturalist  on  board  the  "  ChtJlaagBt," 
mentions  that  "  in  dredging  off  Matnku  Island,  in  320  fathom%  on  a 
ooral  bottom,  some  Fhonu,  TtirritelUs,  and  a  few  other  sheila  wan 
brought  up,  at  teeU  aa  numeroui  apeeiment  of  the  blind  C'nutaeem 
JPolt/ehelet,  and  other  animals,  showing  the  fauna  to  be  a  true  deep- 
water  one,  and  with  these  a  living  specimen  of  the  Pearly  Nautilus." 
The  same  Crustacean  {Polyckelet),  he  states,  was  dredged  off  the  Island 
of  Sombrero  in  the  Danish  West  Indies,  in  from  450  to  490  fathoms. 

There  can  be  very  little  doubt  that  this  curious  Crustacean 
{Polychelea),  like  the  Pearly  Nautilus  with  which  it  was  dredged 
up  from  these  great  depths,  is  the  modern  representative  of  this 
ancient  genus  Eryon,  and  that  its  range  in  time  was  probably  nearly 
coequal  with  that  of  the  Nautiliu. 

Like  its  living  congener  (Folychelet)  aud  ita  fossil  predecessor  in 
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tlie  Lithographio  Limestone  of  Solenhofen,  this  new  Cretaceoas 
Eryon  from  NiederltBhna  has  the  outer  caudal  plates  of  the  tail 
entire,  whereas  in  the  older  Liassic  form  of  Eryon  it  is  divided  across 
by  a  trsDBTerae  joint,  as  is  also  the  case  in  the  outer  swimmeret 
of  the  tail  of  Attaati,  Somanii,  Hephropa,  and  many  other  genera. 
This  genua  is  remarkable  for  the  persistent  character  of  its  hastiform 
telaon,  observable  not  only  in  the  living  genus  Fdychdet,  but  also 
in  its  Liassio  predecessor.  Ergon  Barrovtentit,  Eryon  Oppeli  is  the 
only  spades  with  an  ovat«ly  rounded  telson ;  and  therefore  probably 
indicates  it  to  belong  to  another  genus. 

8.— Poiaoeart*  BumetlU,  H.  Woodw,,  sp.  nov.  PL  XIV.  Fig.  3a,  6. 
The  genua  Palaoearit  was  proposed  by  Messrs.  Meeh  and 
Worthen,  in  the  Proceedings  of  the  Academy  of  Natural  Sciences, 
Philadelphia,  in  March,  1866,  p.  48,  for  a  remarkable  type  of  Crus- 
taoean  obtained  from  near  the  base  of  the  Coal-measures  of  Morris, 
Grundy  County,  Illinoia,  U.S.A.,  having  the  "  inner  and  outer  pairs 
of  antenna  of  nearly  equal  length,  the  former  eaoh  hearing  a  well- 
developed  aoceaioiy  appendage ;  the  peduncles  of  both  pairs  being 
shorter  than  the  SagelltL  Head  about  as  long  as  the  first  two 
abdominal  segments.  Thoracic  legs  long  and  slender ;  anterior  pair 
not  chelate.  Telson  long,  tapering  and  horizontally  flattened  ; 
*  stylets '  with  first  joint  very  small,  second  double,  and  also  flattened 
horizontally." 

Only  one  species,  Palceoearit  typus,  has  been  defined  by  UesBTH. 
Meek  and  Worthen.  The  authors  describe  the 
"  thorax "  as  "  tUghUy  leidw  near  the  middle 
I  than  the  abdomen";  and  the  "thoracic  and 
abdominal  segments  of  nearly  equal  length  "  ; 
the  "  t«lson  nearly  as  brood  at  the  ba«e  as 
the  penultimate  segment,  tapering,  and  as  long 
as  two  and  a  half  of  the  abdominal  segments. 
The  '  stylets '  (or  lateral  caudal  appendages, 
I  sometimes  called  '  swimmereta ')  with  the  first 
I  joint  very  minute,  second  joint  with  each  divi- 
]  aion  as  long  as  the  telson,  and  lanceolinear  in 
form,  with  pointed  extremities  and  parallel 
setigerouB  margins." 
J  This  ouriouB  larval-looking  genns  of  Crusta- 
ceans and  another  genus  found  by  these  authors 
Ueek  &  Wraflien.  '°  ^^^  same  locality  and  formation,  which  closely 
resembles  it,  named  by  them,  Acaniholehon 
SlimpaojM  (see  our  Plate  XI7.  Fig.  4)  have  been  referred  by  Prof.  J. 
D.  l>ana,  "  to  a  group  probably  holding  an  intermediate  position 
between  the  typical  Ibopoda  and  the  Amphipoda  for  which  he  pro- 
posed the  name  Anisopoda." 

"This  intermediate  group,  as  first  shown  by  Prof.  Dana,  is 
characterized,  like  the  Ahphifosa,  by  having  the  three  posterior 
pairs  of  thoracic  legs  in  one  series,  and  the  four  anterior  pairs 
in  another ;  while,  as  in  the  Isopoda,  the  branohie  are  abdominal. 


it  fiiiflicit'iitly  intt'n'Sting  to  brinn: 
of  tilt*  Gkoi.()(;ical  ^Ia(iazink.  In-ii 

The  specimen  from  Manchester 
individual  about  30  millimetres  i 
compoRed  of  a  head,  rounded  in 
the  somites,  of  which  there  are 
2  mm.  in  length ;  the  telson  or  ta 
in  form,  is  5  mm.  long,  and  the  b\s 
striated  longitudinally.  Each  s( 
strisd  crossing  it  from  side  to  side, 
have  a  tendency  to  diminish  slight 
wards,  and  have  the  angles  of  thi 
slightly  produced. 

Two  small  rounded  scales  (whic 
not  the  structure  of  eyes  preserved 
evident  than  the  other,  are  attache 
the  head. 

Save  these  cephalic  appendages 
with  any  appendage  on  the  head 
figures  of  Palaocaris  iypns,  see  w 
attached  to  the  body  except  the  t 
tail-fin. 

The  well-marked  transvorso  s 
nearly  uniform  breadth  anteriorly 
of  the  abdominal  rings  to  have  the 
their  pleurae  slightly  prominent,  tc 
of  the  head,  with  its  rounded  scjilet 
of  the  head  of  Prosoponhcus  pr> 
Durham),  sufficiently  entitle  this 
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n. — On  thb  Bbidlinoton  and  Dimlinoton  Glaoial  Shrll-bkds. 

By  6.  W.  Lamfluoh. 
(PLATE    VITI.    p.    637.) 
A  paper  read  before  the  Britisli  Association  at  York,  Sept.  1881. 

THE  wooden  defences  which  protected  the  cliff  opposite  the 
Alexandra  Hotel  at  Bridlington  Quay  having  been  removed 
last  autumn,  preparatory  to  the  erection  of  a  more  substantial 
concrete  wall,  a  section  was,  for  a  short  time,  exposed  which  had 
long  been  hidden  (see  section  PL  YllL  p.  537).  The  length  of  this 
section  was  a  little  over  1,000  feet,  extending  from  Sands  Gut  to 
Carr  Lane ;  its  average  height  was  about  30  feet 

For  the  northern  two-thirds  of  its  length,  this  section  showed 
Purple  Boulder-clay  (No.  3  of  section)  overlaid  by  chalky  gravel 
(No.  2) ;  and  above  the  gravel  a  shelly  fresh-water  marl,  appa- 
rently quite  recent  (No.  1).  The  Boulder-clay  and  gravel  were 
very  curiously  intermingled,  detached  masses  and  long  tapering 
tongues  of  clay  (in  many  places  showing  slickensides)  extending 
far  into  the  crushed  and  contorted  gravels. 

In  this  part  of  the  section,  it  seemed  to  me  that  two  gravels  of 
different  ages,  the  uppermost  probably  of  fresh-water  origin,  were 
mingled  with  the  remains  of  a  once-dividing  clay-band ;  for,  in  the 
oliff  two  hundred  yards  further  north,  a  thin  Boulder-clay,  much 
torn  and  dragged  in  its  upper  part,  and  in  one  or  two  places  quite 
out  through,  is  still  seen  between  two  similar  gravels.^  But,  as  drain- 
age works,  which  will  doubtless  yield  fresh  evidence,  are  now  being 
carried  on  in  the  town,  I  will  reserve,  for  the  present,  any  further 
account  of  these  beds.' 

Below  the  Purple  Clay  in  the  southern  third  of  the  section,  about 
twelve  feet  of  a  Lower  Boulder-clay  was  seen  (No.  4),  which  cor- 
responded to  the  ''  Basement  Clay  of  Messrs.  Wood  and  Borne.' 
This  clay,  which  was  very  distinct  from  the  Purple  Clay  in  colour 
and  character,  was  of  a  hard  sandy  nature  and  dark  greenish-blue 
colour.  Boulders  were  neither  plentiful  nor  large  in  it,  but  the 
majority  were  far-travelled.  Carboniferous  rocks  and  Whin  were  far 
rarer  than  in  the  Purple  Clay,  whilst  in  their  place  were  a  great 
variety  of  igneous  and  metamorphic  rocks — all  quite  unknown  to 
me — with  many  black  flints  which  do  not  seen  to  have  come  from 
any  chalk  now  seen  in  Yorkshire.  A  few  of  these  flints  were  green- 
coated. 

If  Scandinavian  or  other  foreign  rocks  be  sought  for  in  East  York- 
shire, I  think  the  exposures  of  this  clay  on  the  beach  either  at  Brid- 
lington or  Dimlington  form  by  far  the  most  promising  grounds  for 
exploration. 

This  Boulder-clay  also  contained  several  masses  of  included 
material  differing  from  itself ;  and  in  these  included  masses  were 
many  shells,  both  broken  and  unbroken,  of  species  which  showed 

1  For  a  section  of  this  part  of  the  cliff,  showing  the  two  grayels,  see  Gbol.  Mao. 
Sept.  1879,  p.  393. 
>  For  later  account  of  these  beds  see  forthcoming  Proc.  Yorkshire  Geol.  Soc.  188 1 . 
*  Quart.  Joum.  Geol.  Soc.  toI.  xzIt.  p.  147. 


iiH  discoverer  iti  IMri5,  .Mr.  W. 
o(  fragile  and  broke,,  shells '     .     . 
a  lew  yards  long  ami  ae  many  big 
tkelh,  and  pebbles  of  every  deieripli 
u  might  be  expected,  most  abunda 

Prof.  Phillipa,  who  examined  it 
bed  .  ,  .  ,  very  irregular  U 
Boulder-drift,  and  oomposed  of  d 
pebbles,  and  ohalk  and  flint  fragt 
ahelU,  many  broken,  and  except  P} 
having  ifieir  valee»  together.  I  saw  u 
it  seemed  not  sharply  defined  fi 
shells,  but  yet  distinct,  so  as  c 
heterogeneoQS  mass.  .  .  .  My 
adopt  tbe  view  that  it  was  a  shell- 
the  Glaoial  Period  (posaibly  Pregl 
and  displaced  bodily  ny  the  pressc 
deposits,  and  not  tiratified  by  disper 
This  may  be  expressed  by  the  term 

Dr.  H.  C.  Sorby  examined  the  be 
in  1858*  a  list  of  them  (Appendix 
His  description  is  the  mostciroumsl 

"  The  place  where  the  orog  wa; 
bottom  of  the  cliff,  somewhat  norl 
me  to  be  a  number  of  tmall  hedt  of 
Bovider-clay  of  the  drift,  which  occu 
with  shells,  also  itself  containing 
in  the  drift.  Though  some  few  of 
yet  they  are  most  numerous  about  t 
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iTa<^  was  only  tlie   iippiT  }>orti(>n 
main  1)0<1  was  helnw  tli(*  Ij'voI  of  tl 
exixjsed  in  the  clitr  if  it  huJ  not 
lateral  pressure." 

So  far  as  I  know,  these  are  th 
ivitneBseB.  It  will  be  seen  that  al 
clay  as  well  as  in  sand,  and  that 
showed  many  signs  of  pressure 
doubtless  by  the  sandy  matrix  o 
perfect  condition  of  tliose  which  ^ 
this  the  best  specimens  would  natu 
now  seem  to  regard  the  bed  i 
with  shells,  in  place. 

Thus  Messrs.  Wood  and  Home ' 
in  a  bed  of  sand  in  the  lower  po 
Lyell  in  his  '  Student's  Elements 
sand  resting  on  glacial  clay  with  n 

Three  years  ago,  Mr.  Bed  well 
by  fragmentary  shells  collected  fn 
position  on  tlie  beacli,  that  the  sL 
not  in  the  Purple  Clay  ;  which  I 
evidence. 

In  his  latest  paper*  Mr.  S.  V 
Bridlington  shells  unquestionably 
are  in  the  most  perfect  preserva 
taining  them  has,  in  tlie  spocin: 
condition  of  rock,  the  bivalves  ha 
quite  unworn."  I  think  the  above- 
to  show  that  this  conclusion  is,  to  e 
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bed  was  found  in  the  drift  at  Dimlington,  82  miles  sonth  of  Brid- 
lington. The  most  complete  account  of  this  bed,  that  I  have  seen, 
is  the  following,  by  Mr.  S.  V.  Wood,  jun.'  .  .  .  .  "  The  seam  of 
sand  in,  but  near  the  top  of,  the  Basement  Clay  of  Holdemess  at 
Dimlington,  where  its  junction  with  the  Purple  Clay  which  over- 
lies it  is  displayed  in  the  cliff,  was  detected  by  a  party  of  geologists 
consisting  of  Sir  C.  Lyell,  Mr.  Leonard  Lyell,  Prof.  T.  M.  Hughes, 
and  Mr.  Rome ;  and  a  description  of  it  was  sent  to  me  by  Sir  C. 
Lyell  with  the  moUuscan  remains  which  they  extracted.  These 
remains,  especially  those  of  the  Nuetda,  were,  many  of  them, 
broken,  though  freshly  fractured  and  unworn ;  but  the  written 
description  sent  me  with  them  was  that  they  were  taken  from  a 
seam  of  dark  sand  literally  packed  with  perfect  apecimeiu  of  Nucula 
Oohboldia,  which  seemed  to  be  double;  and  this  was  certainly  the 
condition  of  one  of  the  bivaLves  (Aetarle  compre$$a)  which  was 
sent  me." 

Having  thus  summarized  our  present  knowledge  of  the  subject, 
I  will  record  the  new  facts  which  have  come  under  my  notice. 

DkSCBIPTION  of  the  6HBLLY  PATCHES  BEGEMTLT  SEEM  IN  THE 

BouLDEB-OLAY  AT  Bbidlington. — I  havc  already  mentioned  that 
in  the  section  opposite  the  Alexandra  Hotel  at  Bridlington  Quay,  the 
Basement  Boulder-clay  was  seen  to  include  several  masses  of  different 
materials  (see  section  A.  A.  A,).  These  masses  consisted  for  the 
greatest  part  of  a  very  fine  clay,  generally  either  light-blue  or  dark 
bluish-black  in  colour ;  but  in  one  place  brown.  This  clay  seemed 
to  have  been  a  stratified  deposit;  but  the  stratification  was  so  nearly 
destroyed,  that  it  was  shown  merely  by  irregular  stripes.  Coarse 
yellowish-green  sand  was  incorporated  with  this  clay  in  most  of  the 
patches,  spreading  curiously  through  their  mass  in  irregular  little  dabs 
and  threads  forming  doubtful  lines,  as  though  it  had  been  partially 
kneaded  in.  This  sand  always  contained  many  shells,  which  were 
generally  crushed  into  fine  fragments.  Shells  also  occurred  in 
the  clays,  but  much  less  plentifully,  and  often  with  sand  under 
the  valves.  The  beds  contained  a  few  erratic  pebbles,  chiefly 
little  black  phosphatic- looking  lumps  (which  remind  me  of  those 
in  one  of  the  Lower  Neocomian  beds  at  Speeton)  and  a  dark  green 
quartzite.  I  did  not  notice  either  chalk  or  flint  in  them  ;  in  which 
they  differ  markedly  from  those  previously  described.  The  largest 
of  these  masses  was  of  irregular  shape,  about  14  feet  in  its 
greatest  length  and  4  feet  in  height,  and  seemed  to  be  cnished 
vertically  between  walls  of  Boulder-clay.  From  it  I  obtained  the 
most  perfect  specimens.  The  others  were  much  smaller,  and  were 
squeezed  out  so  as  to  form  wavy  lenticular  streaks.  The  junction 
between  these  and  the  Boulder-clay  was  sometimes  well-marked 
and  sometimes  insensible.  After  finding  a  few  of  the  larger  shells, 
I  washed  lumps  of  the  sand  and  clay,  and  obtained  thus  many  small 
specimens,  which  were  far  less  broken  than  the  larger,  and  also 
many  foraminifera  and  entomostraca,  and  two  or  three  small  echinoid 
spines.     A  few,  even  of  the  larger  shells,  were  in  an  absolutely 

^  Quart.  Joom.  Geol.  Soc.  toL  xxxvi.  p.  516. 


ami  Lvdakuliciilit. 

I  liave  picked  out  twelve  Bpi 
(aee  Appendix  C),  though  doubtl 
would  be  able  to  deteot  m&ay  c 
Bndy  for  naming  these  for  me. 

I  have  seen  several  other  pate 
Bonlder-olay,  at  varioue  times,  i 
aonthward  of  this  aeotioii,'  and 
wero  first  found,  but  have  not  bet 

It  will  be  seen  from  the  aboi 
that  these  shell;  patches  an  eat 
"Bridlington  Crag,"  which  wai 
atrioter  sense  of  the  word,  but 
set  of  streaks  and  masaee  of  sand  i 

Shblls  in  Bouu>eb-out. — T 
contains  man;  she  11 -fragments,  « 
which  have  undoubtedly  been  d 
been  thorooghly  kneaded  up  and 
is  shown  by  the  extremely  patch 
the  shell-beds  have  been  wholly 
at  Bridlington,  the  clay  varying  in 

Then,  too,  under  many  of  the  ui 
a  little  ooarse  sand,  showing  the  c 
many  of  its  boulders  show  Fholo 
borings  contain  in  many  instanoea 
not  one,  but  several  kinds  of  rool 
the  shells  lived  would  seem  to  ha^ 

As  a  ourious  illustration  of  gli 
findinir  in  this  RniiiiiB'."i«"  ""  "•- 
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not  included  in  the  published  lists  of  the  ''Bridlington  Crag"  shells. 
These  are  Fecien  opercularigf  and  Mya  iruncata,  var.  UddevaUensis. 

The  Dimlinoton  Shkll-bbds. — I  have  not  yet  been  able  to  find 
at  Dimlington  the  bed  from  which  Sir  Charles  Lyell's  party  obtained 
their  shells,'  but  last  spring  I  found  streaks,  identical  in  appearance 
with  those  at  Bridlington,  in  an  exposure  of  the  Basement  Clay  on 
the  beach  a  little  to  the  north  of  the  high  land.  I  examined  them 
for  shells,  and  found  many,  but  all  crushed.  I  also  got  three  large 
hardened  casts  in  gritty  sand  of  Pholas  borings,  with  the  Pholas 
(P.  crtapata)  imbedded  in  the  midst  Similar  hardened  casts  are 
common  at  Bridlington.  About  two  months  ago  I  again  saw  an 
exposure  of  the  Basement  Clay  at  Dimlington, — this  time  of  very 
unusual  extent, — stretching  for  nearly  a  mile  along  the  beach  near 
low-water  mark.  The  clay  was  throughout  extraordinarily  patchy, 
and  was,  in  fact,  in  good  part  made  up  of  masses  of  included 
material,  of  all  sizes,  and  of  diverse  composition.  Many  consisted 
of  fine  blue  clays  mixed  with  sand,  like  those  at  Bridlington ;  and 
from  these  1  obtained  some  very  fine  and  perfect  shells.  Others 
however  contained  no  shells,  were  almost  black  in  colour,  and 
seemed  as  if  made  up  of  the  waste  of  some  of  the  pyritous 
secondary  days,  for  when  the  sun  shone  hot  upon  them  they 
Bmelt  very  strongly,  and  weathered  in  the  clifif  with  a  dirty  yellow 
efflorescence  and  bad  odour,  like  the  lowest  beds  of  the  Lower 
Neocomian  at  Speeton.  They  are,  indeed,  quite  possibly  made  up, 
in  part,  of  these  beds,  as  I  noticed  a  few  Neocomian  fossils  in 
Boulder-clay.  Some  of  the  patches,  again,  were  of  a  rusty  brown ; 
and  one  of  these  contained  a  few  broken  shells,  which  were  possibly 
derivative. 

1  also  found  in  the  bottom  of  the  cliff  a  streak  of  crushed  shells, 
much  in  the  same  position  as  the  one  already  known.  It  ran  irre- 
gularly through  a  mass  of  dark-blue  clay,  without  stones,  bounded 
on  all  sides  by  Boulder-clay  in  the  same  way  as  those  on  the  beach ; 
the  shells,  chiefly  Saxicava  rugo8a,  were  crushed  into  small  fragments, 
and  the  whole  mass  showed  slickensides.  In  one  or  two  cases  the 
valves  seemed  to  have  been  united.  I  found,  some  time  ago,  a  single 
specimen  of  Tellina  balthica  uncrushed  aUd  with  valves  united,  in  a 
little  pocket  of  sand  near  the  same  plaoe. 

The  Boulder-clay  itself  was  crammed  in  places  with  detached 
and  fragmentary  valves.  It  also  contained  a  few  huge  boulders  of 
far-travelled  rocks.  One  mass  of  gneiss  was  about  5  feet  by  2^ 
by  3. 

From  the  Boulder-clay  and  the  patches  I  obtained  twenty-seven 
species  (see  Appendix  F),  of  which  all  except  two  have  been 
found  at  Bridlington.  These  are,  Thracia  pubescens,  and  Cardium 
OrcBJilandicum. 

Similar  Beds  in  Filey  Bat. — I  have  already  recorded '  the  dis- 

^  In  the  discoasion  which  followed  this  paper,  Prof.  Hughes,  one  of  the  dis- 
coTerers,  satisfactorily  accounted  for  this,  as  he  said  they  took  the  hed  away  with 
them,  it  heing  merely  a  curved  streak  of  sand  in  Boulder-clay,  like  those  I  have  seen. 

'  Proc.  Yorkshire  Geol.  Soc.  for  1879,  p.  169 ;  and  Gbol.  Mao.  April,  1881, 
p.  179. 
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covery  of  an  outlier  of  the  BaBeroent-clay,  between  tide-marts  in 
Filey  Bay  oppoBite  the  village  of  Reighton  ;  and  there,  too,  Lt  con- 
t^ineil  tbe  same  olay-etreake  witL  crDsbed  shells, — chiefly  Cardita 
borealig, 

Tbese  three  are  the  only  places  where  I  have  as  yet  seea  this 
blue  '  Basement '  BoulJer-clay,  and  the  shell-streaks  therefore  seem 
to  characterize  it. 

Stkatigbaphioal  Relatiokb  op  the  Sbbllt  Bocldkr-ci-at. — 
Tliough  I  have  throughout  called  this  shelly  Boulder-clay  the 
'  Basement  Clay,'  to  describe  its  position  in  the  serieB.  it  is  not, 
perhnpK,  quite  correct  to  do  so,  as  Messrs.  Wood  and  Rome,  who 
eBtftblished  tbia  division,  trace  it  in  many  places  where  the  shelly 
clay  does  not  exist,  making  it  extend  along  the  base  of  the  cliff 
from  Diralington  northwards  to  beyond  Hornsea.'  These  gentlemen 
bave,  1  think,  included  in  their  division  a  hard  massive  Boulder- 
day,  greyiah  in  colour  and  very  full  of  chalk,  which  overlies  tho 
shelly  clay  on  both  noHh  and  south  sides  of  Dimlington  Heights; 
but  it  is  somewhat  irregular  and  intermittent  under  Dimlington, 
having  apparently  suffered  severe  erosion.  Shells,  even  in  ftng- 
menta,  are  very  rare  in  it, — rarer  even  than  in  the  overlying 
Purple  OJay, 

This  chalky  clay  is,  I  think,  more  closely  connected  with  the 
'  Purple '  than  with  the  shelly  clay ;  but  should  it  flveataatly  be 
retained  as  the  top  of  the  '  Basement  Clay,'  the  shelly  olay  must  be 
described  as  a  zone  in  that  division. 

Above  the  chalky  clay  at  Dimlington  there  et«  in  places  twenty 
feet  of  bedded  sands  and  fine  clays  with  no  fossils,  and  then  the 
Purple  Clay,  often  in  two  divisions. 

At  Bridlington,  the  shelly  clay,  wherever  it  comes  below  beaoh- 
level,  is  overlaid  by  a  finely  laminated  and  in  places  ripple-marked 
clay  of  a  deep  brown  colour, — very  tough  and  unctuous, — containing 
no  stones,  and  varying  from  two  to  sixteen  feet  in  thickness,  as  it 
fills  and  levels  hollows  in  the  lower  clay  ;  but  as  soon  as  the  top  of 
that  clay  rises  above  the  beach-line,  the  laminated  clay  disappears, 
and  the  Purple  and  Shelly  Clays  come  together  as  in  the  section 
under  the  Alexandra. 

This  is  probably  owing  to  erosion  during  the  formation  of  the 
Purple  Clay,  as,  in  the  section  just  referred  to,  masses  and  bauds  of 
the  lower  olay  were  seen  twisted  upwards  for  some  distance  into 
tho  Purple  Clay  (at  B),  just  as  the  Purple  Clay  into  the  gravels  a 
little  further  north ;  and  there  were  also  one  or  two  detaohed  patches 
of  laminated  clay  agreeing  in  appearance  with  this  bed  in  the  lower 
part  of  the  Purple  Clay  (at  C).  I  obtained  another  proof  of  the 
later  disturbance  which  the  whole  mass  of  the  lower  olay  must  have 
suffered :  foi'  in  it,  under  the  Alexandra,  one  of  the  many  stones 
with  Pholas  borings — a  hard  calcareous  uodule  which  still  held  the 
hardened  green  sand  in  the  holes,  and  had  been  afterwards  striated — 
had  been  broken  in  two  as  it  lay  deep  in  the  olay,  and  the  parts 

'  Quart.  Jonm.  Qeol.  Soc.  *oI.  uiv.  p.  148. 
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separated  by  about  tbree  incbes,  probably  by  the  Bhearing  of  the 
whole  mass  of  the  clay  under  pressure. 

I  have  not  seen  a  representative  of  the  chalky  day  above  the 
shelly  day  at  Bridlington,  though  from  the  already-quoted  descrip- 
tions given  by  Prof.  Phillips  and  Dr.  Sorby  of  that  part  of  the  diff 
now  concealed,  it  is  possible  that  such  may  exist 

As  the  shelly  clay  reaches  low-water  mark  at  Dimlington  and 
Bridlington,  I  can  give  no  account  of  its  thickness,  nor  of  the 
underlying  beds. 

Obiqin  and  Formation  of  thb  Beds. — As  there  are  points  con- 
nected with  these  beds  that  I  do  not  yet  understand,  it  would  be 
useless  for  me  to  attempt  to  explain  their  origin.  Thus,  one  point 
— and  this  bears  strongly  on  the  origin  of  the  shelly  patches — 
is  the  peculiarly  restricted  range  of  the  shells,  and  the  difference 
between  the  fauna  of  patches  almost  adjoining.  For  instance,  at 
Dimlington  nowhere  did  I  find  DentaUum  striolatum,  save  in  one 
small  patch,  where,  from  a  mere  handful  of  clayey  sand,  I  obtained 
the  remains  of  over  a  dozen  individuals.  In  another  patch  I  found 
Naiiea  affiniB, — in  another,  a  few  fragments  of  Nucula  CobboldioBf — 
in  another,  Pecten  Islandicm ;  and  so  on ;  in  each  case  associated 
with  a  few  forms  such  as  TeUina  halihica,  Saxicava  rvgoBa,  Astarte 
horealis,  and  A,  sulcata,  var.  eUiptica,  which  occurred  in  varying 
proportions  nearly  everywhere.  It  was  the  same  at  Bridlington. 
There,  in  the  largest  mass,  several  shells  were  found  which  were 
not  present  in  the  smaller  patches;  and  in  one  of  the  latter 
Pleurotoma  turricula  was  the  most  abundant  shell,  and  was  peculiar 
to  it.  Thus,  again,  some  years  ago  Mr.  Bedwell  obtained  Cyprina 
lalandtca  with  valves  united,  though  much  crushed,  fvonpL  an  ex- 
posure on  the  beach  near  the  original  bed,  but  nowhere  have  I 
seen  this  shell  in  place,  though  fragments  of  it,  derived  from  some 
such  bed,  are  plentiful  in  the  Boulder-clay.  TeUina  balthieaf  too, 
is  far  more  plentiful  in  the  Boulder-clay  than  in  any  of  the  shell- 
patches  I  have  seen. 

Now  this,  coupled  with  their  diverse  composition,  shows  that 
the  masses  have  been  brought  together  from  different  depths  and 
localities, — a  result  which  does  not  seem  to  me  to  be  exactly  what 
we  should  expect  to  be  brought  about  either  by  land  or  floating  ice. 
It  has,  perhaps,  been  produced  by  a  combination  of  both,  since,  I 
suppose,  an  ice-sheet  advancing  over  a  sea-bottom  would  necessarily 
throw  out  before  it  a  thin  fringe  of  bergs,  whose  pioneer  work  on 
unbroken  ground  even  the  passage  of  the  main  mass  might  not 
entirely  obliterate.  Or,  it  may  have  been  caused  by  the  passage  of 
the  eroding  agent  over  the  edges  of  an  older  series  of  variable  beds ; 
but  much  of  the  evidence  discountenances  this  view. 

At  any  rate,  I  think  the  coarse  sand  was  the  true  old  sea-bottom 
on  which  the  shells  lived ;  and  that  this  sea-bottom  was  afterwards 
covered  by  a  thick  deposit  of  glacial  mud;  and  then  the  whole 
subjected  to  some  disturbing  force, — ice  in  some  form  no  doubt, — 
which  removed  it  piecemeal ;  perhaps  in  frozen  masses. 

In  the  Appendices  I  give  full  lists  of  the  shells. 
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PosTsoRiPT. — Since  writing  the  above,  the  storms  of  this  autumn 
cleareii  the  shingle  from  a  Bniall  ostant  of  beftnh  near  the  town  and 
close  to  where  the  'Crag'  was  first  fouiii].  This  exposure  showed 
'  Basement  CUy '  of  the  usual  oharacter,  includiog  in  it  one  large 
mass  of  cla;  and  sand  with  sheila,  and  closely  adjoining  another 
similar  moss  of  fine  dark  mud,  without  shells  or  stones ;  and  through 
this  there  ran  a  short  seam  of  peaty  matter  apparently  of  vegetable 
origin.  It  is  not  improbable  therefore  that  aome  of  these  shell-tecs 
patches  may  bo  of  fresh-water  origin, 

nBURBED  BT  Dx.  J.  GWTB 

BK,  3rd  ed.  p.  27*. 
QabteyiopOdm, 


1  ShyMkoatlla  pailla, 
%  Anomia  ephippium. 
4  Mytiliia  edulii. 


8  .,  fwniiira. 
ID  .,  limalsta. 
11  Fieluiailui  giycimrrU. 

13  ifoiitacuta  bidaiMa. 

15  Carditm  Isla^dicum. 

14  ,.         eduU. 

16  Cardita  boreaVa. 

16  CvpHna  Jalnndita. 

17  ^tarttsultata;  and  n 


bvrtalis;  lad  t 


.  dliptiea. 
.  Witkimi. 


35  Ua 

SB  TAi.  .  ,  ... 
B7  Corlmla  gibba. 
£8  ifya  pmidria. 
S9  „  tTHK.cat 
8U  Autfaca  Nan 


latcaria  ;  and  Ttr.  eiliqaa. 
mtida;  nr.  tUiylKa, 


35  Ltpsia  cirra. 

87  Troc-hui  i-arin/n: 

88  LUloriMB  liloTta. 
S9  „  ndis. 
40  l^trrilella  Imira. 


4S  Seaiaria  Graalmdica. 

a  Jtatiea  Iilandita. 

41        „      Oritnlandica. 

16  IfatUa  oKnii;  sud  rar.  ocrlsia. 


'atieaBjK'ii:  snd  i 

,1  Tricholropis  honalu, 
8  Advutf  viridula. 
S  Pnrpara  (apillui, 

0  BueeiKicn  undatum. 

1  Trvphoa 


3         „         FabHdi. 
6  Fiutu  daptdaii  aai 
a         „    Uctaihgi. 
S         „     Spitt^rffOisis. 


I 


and    van,    nolnlU 


82  Phflaaeriipala. 

SDI.EXOC0NCBU. 

83  Drntalitm  BUaU. 

84  „  jfn'eiafun. 

Afpindix  B. — List  of  Foraionifb&i  otTBH  bi  Dr.  H.  C.  Sorbt,  F.B.8., 
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Gbol.  a>u  Polttechnic  Soc.  Tol.  iii.  p.  669. 


Dailalina  eonatuBii. 

Lagaia  ttriata. 
J'^ymorpkiita  iaetta. 

And  undetermined  species  o 


Solnitina  caUar  ? 
Trtneatiitaa  htin-mlota. 
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Also  two  Entomoetnoa 

C)ftk€ridM  SarhfOMa. 


I  Cytkgrm  cotwiMna. 


See  also  Prof.  T.  Rapert  Jonee  and  W.  K.  Parker,  Gkol.  Mag. 
Vol.  L  p.  55,  and  Palsdontographical  Society. 


ApPETDIX  C. — LUT   OP   FoRAMnaPBRA    OBTAIXBO   PROM    IVOLUDRD 
8AKD  AKD  CLAT  IN  TU  BaSXMXMT  BoULDBR-ClAT  AT  BrIDLDCOTUK,  1881. 

Glandulina  tt^aUt. 
CatsiduiiMa  Impi^otm, 
CassiduUma  cra$$a, 
AomioHUut  depressula, 
Polwftomella  striatO"^ 
PuiviHulina  Kantmu 


MAB8IS   OP 


Lagtma  lavis. 

„      gltAoaa. 
Dtntalina  pauparata, 

OtaMduUna  lavigiUa,  mnning  into  Tmrieties 
Olamdulina  rotmndaia. 


I  have  to  thank  Mr.  H.  B:  Brady,  F.R.S.,  for  his  kindness  in 
naming  the  above  for  me.  He  says,  "As  far  as  they  go,  they  indicate 
a  cold  sea-bottom  of  80  to  100  fathoms,  not  unlike  some  parts  north 
of  Shetland  (the  Faroe  Channel,  eta)." 

ApPIITDIX  D.~LiST  op  MoLLUSCA  OBTAINRD  PROM  THI   nrCfLUDRD   MAMB8   OP 
8A1ID  AKD  CLAT  IN  THB  *  BajBBMXNT'  BoVLBBR-ClAT  AT  BkIDLIMOTON,  1881. 


-  1  Pecten  ItUmdiau. 

2  NueuU  Cobboldim. 

8  Leda  iimatula. 
*4  Leda  tenuis  (fry). 
*5  Leda  lbnticula. 

6  Cardium  hlandieum, 

7  Cardita  horealia, 

*8  Astarts  tulcata ;  Tar.  elliptiea, 

*9        „      hortalis. 
*10  eompresM;  and  ?ar.  strtoto. 

•11  TMnabaltkiea, 

12        „      ealearia, 

18  Mya  truncata. 
*14  Saxieava  rugosa. 


15  Saxieava  Norveaiea. 

16  DtmiiUium  entaU. 

*17  Troehus  variamu  (trj). 

18  Turritella  erota, 
*19  Aatica  Ulandica, 


«20 
•21 
•22 
•23 


»» 


Gngnlandiea, 
„      affinis, 
RissoA  Wyvillb-Thomsonl 
Mknestho  albula. 
•24  TrophoH  clathrahu, 

25  Fusus  despectut, 

26  ,.      Sarsi. 

27  Admete  viridula, 

•28  Pleuroioma  turrieula. 


The  species  printed  in  capitals  are  additions  to  the  Bridlington 
fauna.  Unbroken  specimens  were  obtained  of  those  marked  with 
an  asterisk  (*). 

Appendix  E. — List  op  Mollusca  (mostly  praombntart)  obtainbd  prom 
THE  *  Basement  '  Boulder-Clay  at  Bridlington. 


Pecten  opercularis.  ^ 
„     Islandicu*. 
8  Nueula  Cobboldia, 
4  Ledapemula. 

Pectunculus  fflyeinuru, 
Cardium  edule. 
u      lilandieum. 

8  Cyprina  hlandica, 

9  Attarte  sulcata,  var.  tlliptica, 

10  „      borealis. 

11  „     eompreasa. 
„      depressa. 

Tellina  halthica, 
ealearia. 


1 
2 


6 
6 
7 


12 
13 
14 


»» 


15  Mya  arenaria  ?  ^ 

16  „    truncata. 

17  Mya  truncata  ?ar  Uddevallbnsis 

18  Saxieava  ruffosa. 

19  „     ^orveffiea, 

20  Pholdi  erispata. 

21  Dentalium  entale. 

22  I'urritella  eroaa. 

23  Buceinum  undaium. 

24  Fusus  curtus. 
Also  Balanus  crenatuM, 

„    suleatua. 
.,    tintinnabulum,  and 
Cliona  perfortns. 


1  From  the  list  published  by  me  in  the  Gbol.  Mao.  Not.  1878,  and  not  since 
Terified. 

decade  u. — tol.  Tm. — no.  xii.  ^^ 
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ApI'SNDII    F.-L.ST   OT    M0I.M,-8Q*  OBTAIVBD    FROM    TB>    SUELLT     '  BAUaiKT ' 

a  MstilulMoJiola,. 

17  Jfy-  (n,.«<a. 

3  .V«™/a  Cothldia. 

•18  Sax.™™  n.!^M. 

t       ..      rnvu. 

lit          „         A-onrswa. 

•20  Fkolaf  rrupala. 

G  Conf/un  AJkb. 

8  Cfyriia  Ulm^dka. 

E3  TuTtiUlUn-ma. 

•H  A-atica  pp-U. 

>1U        „      ionaru;  ■Da»T. 

26  Fwitis  dztpfclat. 

•11        „      »4™(a,  .Bt.  «»ij)(in<. 

-13  TdtiM  ialthea. 

ALw  BolanMi  H«m>n. 

\i       „       oofrorto. 

„      cmwlw. 

•16  ilactra  ulida,  nr.  tllipliea. 

Ab  in  the  Bridlington  list,  the  asterisk  denotes  tliat  the  shell  has 

been  obtained    unbroken.     The  two  speoies  in   copitals   have   not 

been  found  at  Bridlington. 

Dr.  J.  Gwjn  Jeffreys  remarks  that  he  considers  sll  tlieae  ehells 

"comparatively  shnllotv  water  species,  from  2  to  10  fathoms.     Tb«y 

are  umaiBtakeably  arctic" 

1 

1  Fecial  mercutarii.     BridlingtOQ. 

a  Leda  tenuis.     Bridlinaton. 

8  Ifda  tmticula.     Bridlinirbin. 

4  Cardium  Qrmlaiiditiim.    Uimling- 

G  Tiraeia  pubttem*.    Dimliagton. 


6  3fiia    tmneata,    itr.    OddteailensU. 

7  Biaea  WynlU-Thtmtmi.   BridJuig- 

8  Mtnatha  aliula.     Bridlington. 

J.  Gwjn  Jeffreys  for  his 


I  have  great  pleasure  in  than 
kindness  in  examining  for  me  the  great  number  of  shells,  chiefly 
fragmentary,  from  which  these  Huts  are  compiled ;  and  also  my 
friend  Mr.  W.  Headley,  of  Bridlington  Quay,  for  his  valuable 
assistance  in  procuring  speoimenB. 


in.— On  thk    Faballclish  or  thx    HANOVKRiAtr    and    Ekoush 

Uppkb  Jdbassio  Formations.    By  G.  Strdcshann. 

Cammanicatcd  bf  the  Translator,  W.  S.  Dallas,  F.L.S.  ; 

jUfliitant-Secratar)',  Qeolc^icsl  Society  at  Londan. 

[M.  C.  Siruckmann,  who  has  already  published  an  elaborate  treatise 
on  the  Upper  Jura  of  the  neighbourhood  of  Hanover,  has  com- 
municated to  the  "Neues  Jahrbuch  fiir  Mineralngie,  etc.  "(ISlil, 
Bd.  II.  pp.  77^102),  a  comparison,  founded  mainly  upon  paleeon- 
tological  evidence,  between  the  Upper  Jurassic  depoBits  of  that 
district  and  England,  and  a  statement  of  the  conclusions  at  which 
he  arrives  will  be  interesting  to  many  English  geologists. 

He  commences  with  an  abstract  of  the  authorities  on  which  be 
founds  his  knowledge  of  the  English  deposits,  refemog  especially 
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to  certain  recent  memoirs,  sacb  as  that  "  On  the  Corallian  Eocks  of 
England/'  by  Messrs.  Blake  and  Hudleston  ;*  that  '*  On  the  Kimmer- 
idge  Clay  of  England,"  by  the  Rev.  J.  F.  Blake,'  and  the  important 
paper  "  On  the  Portland  Kocks  of  England,"  by  the  latter  author.' 

In  using  the  palaeontological  details  given  in  these  and  other  works 
on  the  English  Upper  Jurassic  rocks  for  the  formation  of  a  com- 
parative table  of  common  fossils,  M .  Struckmann  has  accepted  only 
those  species  about  the  determination  of  which  there  was  no  doubt, 
80  that  there  is  no  room  for  erroneous  results  arising  from  differences 
of  interpretation.  On  the  whole  he  has  adopted  the  subdivisions 
established  by  the  English  authors  in  the  Upper  Jurassic  rocks  ; 
but  he  has  united  their  Lower  Calcareous  Grit  (Nothe  Grit)  and 
Lower  Limestone  (Nothe  Clay,  Hambleton  Oolite)  with  the  upper 
region  of  the  underlying  Oxford  Clay  (zone  of  Ammonites  hiarmatus)  ; 
and  has  also  combined  the  Middle  Calcareous  Grit,  the  Corallino 
Oolite,  and  the  Coral  Rag  in  a  single  division.  A  part  of  the  Coral 
Rag,  however,  may  be  the  equivalent  of  the  Supracoralline  Beds. 
Upon  the  evidence  derived  from  these  memoirs  and  his  own  in- 
vestigations of  the  fossils  of  the  corresponding  Hanoverian  deposits, 
M.  Struckmann  has  constructed  an  elaborate  table  showing  the 
horizons  at  which  the  common  species,  125  in  number,  occur,  and 
the  results  of  this  table  for  the  great  classes  of  organisms  he  sum- 
marizes as  follows  (see  next  page) : — 

The  conclusions  at  which  M.  Struckmann  arrives  from  the  study 
of  this  table  are  as  follows]  : — 

1.  In  all,  the  table  shows  125  species  of  foss^  remains  of  animals 
which  are  common  to  the  English  and  Hanoverian  Upper  Jurassic 
series.  Of  these,  nearly  half  (48  per  cent.)  belong  to  the  Bivalve 
Mollusca,  21  per  cent,  to  the  Gasteropods,  12  per  cent,  to  the  Echinoids, 
6*4  per  cent,  to  the  Cephalopods,  and  4*8  per  cent  to  Corals.  Tlie 
number  of  Cephalopoda  is  comparatively  very  small,  a  circumstance 
due  to  the  extraordinary  poverty  of  the  North -German  Upper  Jura, 
and  especially  its  upper  portions,  in  remains  of  this  class  of  animals. 
On  the  other  hand,  the  Echinoidea  are  comparatively  strongly  repre- 
sented, which  may  be  because,  both  in  England  and  North  Germany, 
they  have  been  within  the  Isat  few  years  subjected  to  a  thorough 
monographic  treatment,  and  are  therefore  better  known  than  other 
classes  of  animals.  With  regard  to  the  Corals,  I  am  convinced,  says 
M.  Struckmann,  that  a  considerably  larger  number  of  common  species 
will  be  recognized,  as  soon  as  the  Corals  of  the  North-German  Upper 
Jura  have  been  worked  out  monograph ically. 

The  table  shows  at  once  that  the  agreement  of  palaeontological 
conditions  is  much  greater  in  the  lower  part  of  the  Upper  Jurassic 
formations  than  in  the  higher  deposits,  a  phenomenon  by  no  means  of 
isolated  occurrence ;  for  I  have  already  shown  ^  that  the  Oxfordian 

1  Quart.  Joum.  Geol.  Soc  1877,  p.  260. 
»  Quart.  Journ.  Geol.  Soc.  1875,  p.  196. 
«  Quart.  Journ.  Geol.  Soc.  I880,j.  180. 
*  Der  Obere  Jura  der  Umg.  von  Hannover,  p.  166. 
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beds  and  the  Coralline  Oolite  almost  everywhere  display  a  very 
similar  fauna,  whilst  the  development  of  local  faunas  commences 
with  the  Kimmeridge,  so  that,  in  the  case  of  the  higher  deposits  of 
the  Upper  Jura,  the  palseontological  material  alone  does  not  suffice 
for  comparison  and  correlation. 

2.  From  the  Lower  Calcareotu  Grit  (including  the  upper  region 
of  the  Oxford  Clay  with  Ammonites  eordattu,  A.  athleta  and  Ostrea 
dUatata)  and  the  Lower  Limestone,  24  species,  and  among  them  12 
Conchifera,  4  Cephalopoda,  and  4  Echinoida,  occur  also  in  the 
Hanoverian  Jura. 

a.  Of  these  24  species,  16  occur  in  the  Hersumer  beds  of  Han- 
over, and  6  of  these  (Thrada  pingnis,  Bdemnites  hastatus,  Am' 
monites  cordcUus,  A.  arduenneneis,  A.  perarmatu$f  and  A.  cUMeta)  have 
not  hitherto  been  found  in  any  higher  beds,  while  the  other  10 
species  also  occur  in  the  Coralline  Oolit'C.  It  is  further  to  be  re- 
marked that  in  England  20  of  these  24  species  belong  in  common 
to  the  Lower  and  Middle  Calcareous  Orits,  whilst  only  3  species  are 
confined  to  the  lowest  zone. 

6.  The  other  8  species  do  not  occur  in  Hanover  in  the  Hersumer 
beds,  but  in  the  Coralline  Oolite, — 6  in  the  Lower  and  2  in  the 
Upper  Coralline  Oolite.  Considering  the  near  affinity  of  the 
inferior  zones  of  the  Upper  Oolite  both  in  England  and  in 
North  Grermany,  this  is  not  at  all  surprising.  On  the  contrary, 
from  the  conditions  of  stratification  and  the  close  palsdontological 
relationship,  it  cannot  be  doubted  that  the  Lower  Calcareous  Grit 
and  the  Lower  Limestone  together,  and  including  the  upper  region 
of  the  underlying  Oxford  Clay,  represent  the  North-Q«rman  Her- 
sumer beds,  i.e.  the  South-Oerman  zones  of  Ammonites  hiarmatus 
and  A.  transversarius,  taken  together.  No  separation  of  the  Her- 
sumer beds  into  two  zones  is  practicable  in  North  Germany,  so 
far  as  my  observations  go. 

3.  The  Middle  Calcareous  Orit,  including  the  Coralline  Oolite 
and  Coral  Bag.  contains  the  great  number  of  68  species  of  fossil 
remains  of  animals,  which  also  occur  in  the  Upper  Jura  of  Hanover, 
and  among  them  6  Corals,  15  Echinoids  (or  the  whole  of  the  known 
common  species),  6  Cephalopods,  28  Bivalve  MoUusca,  and  11 
Oasteropods. 

a.  Of  these  68  species  there  are : — 

In  the  HanoTerian  Coralline  Oolite  fenerallj  67  species. 

Only  below,  i.0.  in  the  Hersiimer  beds  6      „ 

Only  above  the  Coralline  Oolite 6      ,, 

Of  the  first-mentioned  57  species,  16  have  hitherto  been  found 
near  Hanover  only  in  the  Coralline  Oolite,  and  among  them  are : — 
CHdaris  florigemma,  Hemicidaris  intermedia,  Pygurus  pentagonalis, 
Stomechinus  gyratus,^  Echinobrissus  dimidiatus,^  Emarginulina  Gold- 
fussiiy^  Turbo  princeps,^  Fhasianella  striata,  Natica  Clio,  and 
Nerimea  visurgis. 

The  species  marked  with  an  asterisk  are  also  limited  to  this 
division  in  England  so  far  as  is  at  present  known. 
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b.  Of  the  68  speoieB  of  (lie  MidtUe  CaloareouB  Grit,  etc,  there 
ftie,  Denr  Hauover: — 

Pctuli  or  M  the  iuimr  Curalline  Oolite 66  apecica. 


OdI)'  higbei  (iniluding  2  spcriie  in  the  Upper  CareUine  Oolite)     7      ., 

Only  25  Bpecies  are  peculiar  to  the  JJpper  Coralline  Oolite,  bo 
that  tbo  palaeontological  affinity  to  the  Lower  Coralline  Oolite  is 
ooDBiderably  greater.  Of  the  above  55  Bpecies,  the  following  11 
Kpeciee  are,  so  far  as  at  present  known,  limited  to  Ibe  Lower 
Corftlline  Oolite,  naoiely  : — Montlivallia  gubdispar,^  Thamaaitreea 
araehnoiilea.^  Isaslra'a  exj-lanatn,^  Milkricrinne  fchiiialii*.  r»r«do- 
dindema  kemitpharicKm,"  Gli/ptinu*  hieroglyphicat,^  Fygatler  km- 
brella,'^  Peeten  iuteqmcoiitatui,''  Lima  dcnsepuuctala,^  Oini  Pkillipt- 
iana,  and  laodonta  Deghayeaca.'^ 

Tbe  species  marked  with  an  asterisk  are  confined  in  Englaiid  also 
to  this  division  according  to  the  evidence  before  me. 

Hence  it  cannot  be  at  all  doabtful  that  we  must  eeek  tlie  parallela 
for  this  middle  dmeion  of  the  "  Corallian  Bocks "  in  the   North      , 
Qemian    Coralline    Oolite,  and    indeed    especially  is   tLe    Lower     I 
Coralline    OolUt    (CVenu/aria-beds    of    the    Aargau    occonling    to     | 
Moescli.  "  Hnnmcien  inferieur"  of  Tribolet,  "  Sequanien  iuferieur" 
of  theHftute-MarueorP.de  Loriol,  beds  with  Amvwnlles  fci'mainmn/nx 
(inferior  zone)  or  beds  with    Cidaria  Jlorigemma  (inferior  zone)  of 
Oppel).     The  agreement  jn  the  strati  graphical  aad  paloioDtological 
conditions  may  be  characterized  as  complete. 

4.  The  Supraeoralline  bed»  (Upper  Calcareous  Grit)  in  England 
show  30  species  which  also  occur  in  the  Hanoverian  Upper  Jura, 
and  among  them  are  4  Echinoids,  16  Conchifera,  and  6  Oaateropods. 

a.  Of  the  30  species  there  belong 


To  the  Hanoxerian  Coralline  Oolite  in  generil  .. 

Only  to  lower  beds  {Phohdomya  kemicardia) 

Onl;  to  higher  beds,  i.t.  the  Kimmeridge 


In  the  HanoTerian  Kimmeridge  in  general... 
Onlj  in  lower  beds... 


These  last  species  are : — TeTehralula  aahtella.  Area  tuperba,  Nveula 
Mmlcei,  AalarU  aupraeoralliaa,  Fleuromya  teUina,  Corbida  Deihayeiea 
and  Naiica  Eudora. 

b.  On  the  other  hand,  there  are  of  the  30  common  species 


Of  the  last-mentioned  18  species,  eight,  according  to  extant  obserra- 
tions,  belong  exclusively  to  the  Coralline  Oolite,  namely  : — Cidarit 
Jlorigemma,  Hemicidaria  intermedia,  Pygurua  pentagonalia,'*  Oatrfa 
delloidea,  Goniomya  marginala,  Troehut  exiguua,^  ChemniUia  pteudo- 
limbala  and  Nattca  CUo.^  Of  these  the  three  species  marked  with 
an  asterisk  are  peculiar  to  the  Upper  Coralline  Oolite,  and  the  other 
five  species  to  tbe  Lower  Coralline  Oolite  ;  leu  species  also  occur  in 
the  Hersuraer  beds,  among  which  are  Peelen  vimineus,  Lima  rigida, 
Aittmonitea  plicalilia,  and  ColJyritet  bieordatua,  species  which,  with  us, 
are  characteristio  of  a  lower  horizon. 

c  Of   the   12    spcciea    which  are  found  in  the  North-German 
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Kimmeridge,  10  species  belong  to  the  Lower  Kimmeridge,  while 
2  species  occur  only  in  Upper  Kimmeridge  beds. 

From  these  comparisons  it  appears  that  the  fauna  of  the  Supra- 
ooralline  beds  is  a  mixed  one,  which  unniistakeably  shows  close  rela- 
tions both  with  the  Coralline  Oolite  and  with  the  Lower  Kimmeridge. 
Nevertheless,  the  relations  downwards,  i.e.  to  the  Coralline  Oolite, 
seem  to  me  undoubtedly  to  preponderate.  In  this  respect  the  Supra- 
coralline  beds  occupy  a  position  precisely  similar  to  that  of  the 
Upper  Coralline  Oolite  (zone  of  Peeten  varians)  in  the  North-German 
Upper  Jura,  so  that  I  do  not  think  I  shall  err  in  placing  the  two 
parallel  to  one  another.  This  notion  certainly  does  not  seem  to  be 
quite  in  accordance  with  the  opinion  expressed  by  Waagen,  who 
regards  the  region  of  Ammonites  aliemans  and  Rhynchonella  ineonsians 
in  the  English  Upper  Jura  as  the  equivalent  of  the  Astartian,  i.e. 
of  the  Lower  Kimmeridge ;  but  it  appears  from  Blake's  investiga- 
tions that  the  two  species  do  not  at  all  belong  to  one  and  the  same 
zone,  but  that  Ammonites  alternans  rather  characterizes  the  Supra- 
coralline  beds,  and  Rhynchonella  inconstans  the  Kimmeridge  Passage- 
beds,  or  the  next  higher  zone.  This,  therefore,  serves  to  explain 
the  apparent  contradiction,  the  region  of  Rhynchonella  inconstans 
really  corresponding  to  the  Astartian,  and  all  we  have  to  do  is  to 
separate  the  older  stage  with  Ammonites  altemans  from  the  Kimmer- 
idge and  annex  it  to  the  Coralline  Oolite  as  the  uppermost  stage. 
The  occurrence  of  Ammonites  altemans  in  the  Supracoralline  beds 
(it  is  entirely  wanting  in  the  North-German  Jura)  cannot  alone  be  a 
reason  for  regarding  the  latter  as  of  the  same  age  as  the  zone  of 
Ammonites  tenuilobatus,  for  the  fauna  of  the  Upper  Jurassic  forma- 
tions in  different  districts  teaches  us  how  little  dependence  is 
to  be  placed  upon  so-called  characteristic  fossils.  Ostrea  deltoidea 
also  offers  an  interesting  example  of  this;  in  England  it  appears 
first  in  the  Supracoralline  beds,  and  then  attains  the  climax  of  its 
development  in  the  Lower  Kimmeridge.  In  the  North-German  Jura 
I  have  recently  determined  the  same  species  most  definitely  from 
Hanover,  Hoheneggelsen  and  Goslar ;  but  here  it  is  exclusively  con- 
fined to  the  Coralline  Oolite.  (Ostrea  Roemen,  Quenst,  which  occurs 
in  the  zone  of  Terebratula  humeralis,  is  not,  as  D.  Brauns  sup- 
poses, identical  with  0.  deltoidea,)  On  the  other  hand,  Terebratida 
subsella  has  hitherto  been  found  in  England  only  in  the  Supra- 
coralline beds ;  while  in  North  Germany  it  extends  up  from  the 
Lower  Kimmeridge  into  the  Portland.  I  shall  hereafter  take  the 
opportunity  of  citing  other  similar  examples.  Consequently,  I  have 
no  hesitation  in  regarding  the  Supracoralline  beds  as  equivalent  to 
the  North-German  Upper  Coralline  Oolite  (i.e.  the  zone  of  Peeten 
varians),  the  Wangen  beds  of  Eastern  Switzerland,  the  Rauracien 
superieur  of  Western  Switzerland,  the  Sequanien  sup6rieur  of  the 
Haute-Mame  (according  to  P.  de  Loriol),  relatively,  as  the  upper- 
most horizon  of  the  beds  with  Cidaris  Jlorigemma,  and  with 
Ammonites  himammatus  (according  to  Waagen)  and  the  Sequanien 
inferieur  of  Boulogne-sur-Mer  (according  to  P.  de  Loriol). 

5.  The  Kimmeridge  Passage'beda  according  to  our  present  know- 
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letlgo  ooutain  19  species  of  the  Hanoverian  Upper  Jura,  oamoly,  1 

Ecliinoid,  15  Bivalves,  and  3  Gasteropoda. 

a.  Of  these  19  species,  12  are  observed  ia  the  Hanoveriaa 
Coralline  Oolite  in  general ;  on  the  other  Land,  exclusively  in 
the  Eimmeridge,  7  Buecies,  namely  :  —  0*lrea  Monsbeiiardeniii, 
Exogi/ra  BrHntrutana,  Pinna  grantdala,  Ceromi/a  excentrica,  PUuto- 
mi/a  tellina,  Natica  Endora  and  Lueina  pleheia. 

On  the  other  band,  14  species  ocour  in  the  Hanoverian  Kimmeridge 
in  general,  and  only  in  lower  beds  5  species.  Of  the  latter,  two  specit^ 
(ChemnUzitt  heddhigloneimn  nni  Lima prohoacidr.a)  go  down  into  the 
Hersnmer  beds,  while  three  species  are  peculiar  to  the  Coralline 
Oolite  in  North  Germany,  namely,  Cidarit  Jlorigemiaa,  Phaaianella 
ilriala,  and  Ostrea  delloidea.  Among  the  species  which  are  found 
both  in  the  Eimmeridge  and  in  lower  beds,  Lticina  aubitriala  must 
also  he  mentioned  ;  this  only  attains  the  climax  of  its  development 
in  the  Kiuimeridge. 

b.  Of  the  14  species  which  ooonr  in  the  Hanoverian  Eimmeridgs, 
12  appear  in  the  Lower  Kiraraeridge  (Astartian),  while  only  2 
species  (Pinna  granulala  and  \alica  Eudora)  belong  exclusively 
to  Upper  Eimmeridge  bedn.  It  is  true  that  the  firsf-mentioni'd 
12  species  are  not  exclusively  confined  to  the  Lower  Kimmeridge ; 
9  species  ascend  to  a  higher  horison. 

It  appears,  therefore,  from  this  ooroparison,  as  indeed  is  indicated 
by  Blake,  that  the  Kimmeridge  Passage-beds  also  possess  a  mixed 
fauna.  But  while  in  the  ooae  of  the  Su pro- ooral line  beds  the 
downward  relationships,  i.e.  to  the  Coralline  Oolite,  are  prepon- 
derant, the  fauna  of  the  so-oalled  Passage-beds  decidedly  bears 
rather  the  character  of  the  Kimmeridge  formations,  and  indeed  of 
their  lower  division,  so  that  I  have  not  the  least  hesitation  about 
g;  the  English  beds  with  Bkynehonella  ineomlani  parallel  to  the 
1  Lower  Kimmeridge.  The  charaoteristio  shell  of  this 
zone  does  not  indeed  ooonr  in  the  North-Gennan  Jurassic  deposits, 
for  the  species  cited  by  some  observers  under  this  name  from  the 
Coralline  Oolite,  especially  from  Goalar,  is  erroneously  referred  to 
the  English  species,  and  is  rather  a  large  variety  of  Rhi/nehontlla 
jtinguh.  A,  Uom.,  or.  more  probably,  a  new  species.  The  conditions 
of  stratification  are  quite  in  accordance  with  the  opinion  expressed 
by  me.  I  therefore  regard  the  Kimmeridge  Passage-beds  as  also 
the  equivalent  of  the  zone  of  Ammonites  tenvitobatui  in  Swabia.  of 
the  Badener  beds  of  Eastern  Switzerland,  of  the  Astartian  of  Western 
Switzerland,  and  of  the  Sequanten  superieur  of  the  Haute  Mame, 
and  of  Boulogne- snr-Mer,  according  to  P.  de  Loricl,  This  assump- 
tion is  further  home  out  by  the  reciprooal  palfeontological  relations 
of  the  immediately  following  Eimmeridge  beds. 

6.  The  Loaer  Kimmeridge  Clay  possesses  25  species  of  fossil 
remains  which  also  occur  in  the  Htuioverian  Upper  Jura,  namely,  lli 
Bivalves,  3  Gasteropoda,  2  Cephalopoda,  and  i  Fishee.  Of  these 
there  have  been  observed  near  Hanover : — 
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Only  in  lower  be£    S 

In  the  Lower  Kimmeridge  feoenlStw  14 

In  Uie  HkkDe  KnuBcridge  menlfj 19 

Ezdnvrdy  in  the  JkiauMridgv   17 

Of  the  last-mentioned,  Ottrea  MousMiardeusiM,  NeritopsU  delphnhla 
and  HjfhodmM  aeutug^  have  hitherto  been  fonnd  only  in  the  Lower 
Kimmeridge;  and  Pinma  gramulaia,  Mactromjfa  mgoiaf  Corbula 
Detikatftsea^  and  Alaria  wodiferiL,  only  in  the  Middle  Kimmeridge  or 
higher.  On  the  other  hand,  Exog^ra  rirgmla^  Area  ms/ica,  Nuctda 
Meukei,  AstarU  tmpraecraUima,  Cardium  edwliforme,  Iwcardia  striata^ 
CeroMya  excemirica,  Pleuromi/a  UUinOy  TomaUlla  $eealiua,  and  Lepi- 
doUu  giganieu$  are  distribated  through  different  zones  of  the  North- 
Grerman  Kimmeridge.  Lastly  we  have  to  mention  Lucina  nc^tfrtato, 
Ostrea  soUtariOj  and  Aateraeanlhiu  omatisnmus  as  species  which 
occur  in  the  Middle  Kimmeridge,  near  Hanover,  but  at  the  same 
time  extend  down  into  the  Coralline  Oolite. 

Between  the  English  Lower  Kimmeridge  Clay  and  the  Hanoverian 
Kimmeridge  a  tolerably  close  paheontological  relationship  therefore 
exists,  although  the  phase  of  development  is  quite  different.  For 
while  the  Lower  Kimmeridge  Clay  presents  a  very  rich  and  varied 
Cephalopodal  fauna,  the  North-German  Kimmeridge  is  in  this 
respect  remarkably  poor.  Nevertheless  both  the  conditions  of 
stratification  and  the  fauna  indicate  that  the  parallel  is  to  be  sought 
in  the  North-Grerman  PteroeeroM-heds  (i.e.  in  the  Middle  Kimmeridge 
beds).  It  is  true  that  the  so-called  characteristic  fossils  furnish  even 
in  this  case  no  satisfactory  standpoint ;  Ottrea  delioidea,  so  abundant 
in  the  Lower  Kimmeridge,  occurs  near  Hanover  only  in  lower 
deposits;  and  on  the  other  hand,  PteroeeraB  oceani  has  hitherto 
been  found  in  England  only  in  a  higher  zone.  But  it  appears 
to  me  to  be  not  unimportant  that  both  in  the  English  Lower 
Kimmeridge  and  in  the  North-German  Pteroceras-h^s  the  remains 
of  higher  animals,  namely,  Saurians,  Chelonians,  and  Fishes,  are 
deposited  in  great  variety,  although  as  yet  we  have  succeeded  in 
determining  the  species  only  in  a  few  instances.  Notwithstanding 
the  divergence  of  the  phase  of  development  in  many  respects,  the 
fauna  of  the  North-German  Middle  Kimmeridge  beds  bears  on  the 
whole  the  character  of  the  English  Lower  Kimmeridge  Clay,  so  that 
the  palaeontological  conditions  are  not  in  opposition  to  a  parallelism. 
At  any  rate,  the  development  of  the  South-  and  North-  German 
Kimmeridge  exhibits  considerably  greater  differences.  If,  therefore, 
the  Lower  Kimmeridge  Clay  must  be  regarded  as  the  equivalent 
of  the  P/eroccra«-bed8,  then,  in  accordance  with  my  previous  demon- 
strations (in  my  monographic  memoir  upon  the  Upper  Jura  of  the 
neighbourhood  of  Hanover),  the  Nattheim  Coralline  Limestone  of 
8wabia  (e  of  Quenstedt),  the  Wettinger  beds  of  Eastern  Switzerland, 
as  also  the  Pterocerien  of  Western  Switzerland  and  the  French 
Upper  Jura,  are  to  be  considered  contemporaneous  deposits. 

7.  I  have  already  indicated  elsewhere  *  that  the  comparison  of  the 

^  Der  obere  Jura  d.  Umg.  t.  Hannoyer,  p.  166. 
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Upper  Jurassic  formations  of  difierent  regiona  is  rendered  very  moct 
more  difficult  by  the  fact  that  almost  everywhere  with  tLe  Kiranier- 
idge  the  development  of  local  faunas  commences,  and  the  epectee  are 
very  differently  distributed  in  the  different  zones.  This  appears  veiy 
prominently  in  the  comparison  of  the  higher  beds  of  the  Upper 
Jurassic  in  England  and  Hanorer. 

The  Upper  Kimmeridge  Clay  in  England  contains  A  fauna  so 
completely  different  from  that  of  the  North-German  Eimnieridge, 
that  hitherto  only  two  fossils  have  been  determined  which  also 
belong  to  the  Hanoverian  Jura,  namely,  Exogyra  virgvla  and  Ger- 
villia  ielragona,  species  found  both  in  the  Middle  and  U|>per 
Kimmeridge.  Nevertheless,  aa  follows  especially  from  the  fol- 
lowing statements,  it  cannot  be  doubtful,  that  the  Upper  Kimmer- 
idge Ulay  and  the  Hanoverian  Upper  Kimmeridge  ( Virgula  beds) 
were  deposited  at  about  the  same  time. 

8.  To  estimate  norrectly  the  reciprocal  relations  of  the  English 
and  Hanoverian  Portlandian  hedt,  I  have  to  call  attention  to  Ibe  fact 
that,  according  to  my  recently  published  invealig^tions  on  the  Hmio- 
verian  Wealden.'  the  English  and  North-Gunaan  Wealdon  deposita 
have  been  developed  in  a  perfectly  conoordaut  manner.  In  both 
districts  tlio  uppermost  horizon  ia  occupied  by  the  Weald  Clny 
(Upper  Wealden),  wliioh  ia  certainly  considerably  more  strongly 
developed  in  England,  ho  that  the  Wealden  period  there  probably 
bad  a  longer  duration  than  in  North  Germany.  Below  the  Weald 
Clay  lies  the  Hastings  Sand  (Middle  Wealden),  which  in  turn  over- 
lies the  Purbeck  Beds  (Serpulite  or  Lower  Wealden),  The  assumed 
parallelism  is  borne  out  both  by  the  conditions  of  strati fi cation  and 
by  the  distribution  of  organic  remains  in  the  different  divisions.  In 
England  the  Furbeck  beds  rest  immediately  upon  the  Portland  Stone, 
and  the  latter  on  the  Portland  Sand ;  below  this  follows  the  Upper 
Kimmeridge  Clay.  In  Hanover,  on  the  other  hand,  taking  the  re- 
versed order,  the  Upper  Kimmeridge  ( FiVju/u-beds)  is  immediately 
overlain  by  the  beds  with  Ammoitile*  gigaa  (i.e.  the  Lower  Portland) ; 
these  are  followed  regularly  by  the  Eimbeckhiiuser  Plattenkalke  (t.«. 
the  Upper  Portland),  which  again  are  covered  by  the  Miinder 
Mergelen,  and  finally  comes  the  Serpulite,  which  undoubtedly' 
represents  the  English  Purbeck.  Necessarily,  therefore,  the  de- 
posits between  the  Kimmeridge  and  the  Purbeck  must  be  of  ths 
same  age  as  the  English  Portland  Stone  and  Portland  Sand, 
wjiether  we  refer  the  transition  stage  between  the  EimbeckbJiuBer 
Plattenkalke  and  the  true  Purbeck  (i.e.  the  Munder  Mergel)  to 
the  Portland  or  the  Purbeck,  The  supposition  entertained  by 
some  authorities  that  the  English  Portland  formations  are  entirely 
unrepresented  in  North  Germany  ie  therefore  certainly  an  error, 
due  solely  to  the  circumstance  ihit  the  Engtish  and  Hanoterian 
J'orltaad  formaiiona  assume  an  entirely  differef't  phase  of  development, 
as  indeed  frequently  happens  in  the  Upper  Jura.  This  circumstance 
must  not  be  left  out  of  consideration  in  comparing  the  English  and 
Hanoverian  Portland  faunas. 

'  Die  Wealden- BildtmgBad.Um^.i.  EsunoTer,  pp.  IIS,  ttuqj. 
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a.  Aocx>Tding  to  the  lists  before  ns  tlie  P^rHamd  Samd  contains 
only  10  species  of  fossils,  mil  Conchifeim,  wkidi  are  also  found  in 
the  Hanoverian  Upper  Jnra.  Of  these  only  4  species  have  hitherto 
been  observed  in  the  Portland  formations,  namely,  Otirea  multi/or^ 
mi$  and  Perma  Bomchardi^  in  both  divisions,  and  Trigomia  rariegata 
(which,  as  is  well  kno¥m,  is  very  nearly  allied  to  7.  gibbota)  and 
PUuromga  ielUma  as  yet  only  in  the  Plattenkalke.  Six  species 
do  not  occur  above  the  Eimmeridge  beds,  namely,  Osfrea  so/itona, 
Ottrea  BrwUrmtama,  MytUmt  jwremsis,  Trigomia  oiiaa,  Lucina  fragosay 
and  Plectomya  rmgasa.  The  whole  of  the  10  species  are  contained 
in  the  P/tfrixr^ras-beds.  The  characteristic  fossil  of  the  Gkrman 
and  French  Lower  Portland  formations.  Ammonites  gigaSy  has  not 
yet  been  detected  in  the  English  Portland  Sand ;  on  the  other 
hand,  Ammonites  giganteus.  Sow.,  which  is  characteristic  of  the 
Portland  Stone,  has  been  determined  on  the  Ith,  and  also  recently 
by  myself  on  the  Deister  near  Hanover,  together  with  Ammonites 
gigas,  in  the  Lower  Portland. 

6.  The  English  Portland  Stone  has  23  species  of  animal  fossils 
in  common  with  the  Hanoverian  Upper  Jura,  but  the  distribution 
of  these  within  the  different  zones  is  very  different  near  Hanover. 
Only  the  following  7  species  occur  in  the  Portland  formations 
generally:  Ostrea  multiformis,^  Pema  Bouchardi,^  Cyrena  rugosa* 
Pleuromya  tellina,^  Neritoma  sinuosa.  Ammonites  gigarUeus  and 
Serpula  coacervata.  Of  these  the  species  marked  with  an  asterisk 
have  been  observed  in  the  Eimbeckhauser  Plattenkalke;  the  two 
others  only  in  the  beds  with  Ammonites  gigas. 

Sixteen  species,  on  the  other  hand,  occur  only  in  older  deposits  than 
the  Portland.  Further,  it  is  noteworthy  that  the  Hanoverian  Kim- 
meridge  contains  all  the  species  in  common  with  the  Portland  Stone, 
with  the  single  exception  of  Ammonites  giganteus.  Of  the  16  species 
which,  according  to  existing  observations,  occur  only  in  older  beds, 
the  following  13  species  have  hitherto  been  found  near  Hanover, 
exclusively  in  the  Kimmeridge  : — Trigonia  Micheloti,  Lucina  port' 
landicay^  Lucina  pleheia,  Corbicella  Moraana,  Sowerbya  Dukei,^ 
Nerila  transversa,  Natica  turbiniformis,  Natica  Marcou^iana,^  Cerithium 
trinodule,  Cerithium  Boidini,  Cerithium  Bouchardi,  Pteroceras  Oceani, 
and  Serpula  quinquangularis. 

With  the  exception  of  Lucina  plebeia,  however,  those  species  have 
hitherto  been  found  only  in  tlie  English  Portland  Stone;  those 
marked  with  an  asterisk  are  even  usually  regarded  as  characteristic 
of  the  Upper  Portland  in  England,  and  this  applies  also  to  Cyrena 
rugosa  and  Neritoma  sinuosa,  which  in  Hanover  extend  up  through 
the  whole  of  the  Kimmeridge  to  the  Portland.  This  is  the  best  proof 
how  little  dependence  is  to  be  plaoed  upon  so-called  charaoteristio 
fossils.  To  judge  correctly  of  the  age  of  beds,  the  conditions  of 
stratification  are  above  all  things  to  be  kept  in  mind;  then  the 
general  character  of  the  fauna  is  to  be  estitnated,  but  at  the  same 
time  the  different  phases  of  development  in  different  districts  must  be 
taken  into  account.  The  small  number  of  the  corresponding  organic 
remains  in  the  English  and  North-German  Portland  formatiuna 
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cannot,  therefore,  oonsidering  their  analogous  conditions  of  stratiK- 
calion,  present  any  hinrlrance  to  our  regnrding  them  m  contempo- 
raneous ilopoails.  In  North  Germnn;  I  have  distingoinhed  only  two 
BubdiviHioiiB  of  the  Portland, — the  beds  with  Amrtonitn  gigat.  and 
tlie  EinibeckhSuser  Plattenkaike :  hut  if  the  Bo-oalled  Miimier 
Mergel,  which  marka  the  transition  to  the  Purbeok,  ought  also  to 
be  referred  to  the  Portland,  and  not  to  the  Purbeuk  (o  point  whicli 
I  leaiVe  for  the  present  undei^ided),  we  should  have  to  dtstingriish 
throe  zones  in  Hanover,  jnet  as  in  the  Uaiite-Mame  and  near 
Boulogne,  If  in  England,  contrary  to  what  occurs  in  France,  only 
two  great  subdivisionB  can  be  diBlinguished,  I  regard  ihis  a»  an 
accidental  circumstance  of  quite  Bubordiuate  importance,  which 
certainly  does  not  justify  the  assumption  that  the  lower  part  of  the 
French  Portland  formations  was  not  deposited  contemporaneously 
with  the  Bnglish  Portland,  but  with  the  Upper  beds  of  the  English 
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Kiinineridge.  But  neither  is  it  admissible  or  necessary  to  assame 
the  existence  of  a  gap  between  the  English  Upper  Kimmeridge  and 
the  Portland  Sand,  seeing  that,  in  my  opinion,  we  need  not  have 
the  least  hesitation  about  regarding  the  Portland  Sand  and  Portland 
Stone,  taken  together,  as  the  equivalent  of  the  three  zones  of  the 
French  Portlandian.  The  splitting  up  of  the  great  divisions  into 
distinct  zones  will  in  most  cases  only  possess  a  local  interest ;  on 
the  other  hand,  it  seemed  to  me  to  be  of  some  importance  to  adduce 
the  proof  that  the  English  and  North-German  Upper  Jurassic 
formations  in  general  admit  of  a  uniform  classification  throughout. 
Finally  (on  page  556),  is  given  a  summary  of  the  results  arrived  at. 

ly. — ^Thb  Intkbnational  Gjboloqioal  GoNoasss,  Boloqna,  1881. 

By  Wm,  Toplbt,  F.G.S.  ; 
of  H.M.  Geological  Survey  of  England  and  Wales ; 

Secretary  of  the  English  Committee  on  Geological  Maps ;  and  one  of  the  Secretaries 

of  the  Congress. 

THE  International  Geological  Congress  had  its  origin  at  Philadel- 
phia in  1876,  when,  largely  by  the  influence  of  Prof.  Jas.  Hall 
and  Dr.  Sterry  Hunt,  arrangements  were  made  for  a  meeting  of  the 
Congress  at  Paris.  This  was  held  during  the  months  of  August  and 
September,  1878,  as  one  of  a  great  series  of  Internatiooal  Congresses, 
embracing  all  branches  of  Science  and  the  technical  applications  of 
the  same.  The  full  reports  of  these  meetings  are  contained  in  32 
8vo.  volumes  ,*  that  on  Geology  forming  No.  21  of  the  Series.  In 
the  Geological  Congress  papers  were  read  and  discussed  on  numerous 
subjects  connected  with  the  science.  In  view  of  the  Second  Congress, 
fixed  for  1881  at  Bologna,  certain  geologists  were  nominated  as 
Presidents  of  the  Committees  in  various  countries,  with  instructions 
to  form  such  Committees  as  they  might  think  best,  and  to  prepare 
Beports  on  the  subjects  requiring  attention.  These  questions  are 
classed  in  three  divisions  : — 1.  The  Unification  of  Geological  Nomen- 
clature. 2.  The  Unification  of  Colours,  Figures,  etc.,  employed  in 
Geological  Maps.  3.  Nomenclature  of  Species.  Of  the  first,  Prof. 
T.  McK.  Hughes  is  President  for  England.  This  Committee  has 
been  long  at  work  ;  it  has  had  several  meetings  in  London,  and  has 
discussed  and  reported  upon  the  signification  to  be  given  to  numerous 
terms  in  common  use  amongst  geologists.  But  besides  this  it  has 
done  much  work,  by  means  of  sub-committees,  in  reporting  upon  the 
Classification,  Nomenclature,  etc.,  of  the  various  groups  of  rocks 
hitherto  spoken  of  as  formations."  In  this  respect  the  work  of  the 
English  Committee  is  much  in  advance  of  that  of  other  countries. 

The  Second  English  Committee,  that  on  Geological  Maps,  has 
Prof.  A.  C.  Ramsay  for  its  President  Several  meetings  were  held 
in  London  during  the  past  summer,  and  the  general  results  of  the 
work  were  submitted  to  the  Geological  Section  of  the  British 
Association  at  York. 

Upon  the  third  subject  (Nomenclature  of  Species)  nothing  has 
been  done  in  England. 

The  meeting  of  the  Second  Congress  commenced  at  Bologna  on 
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September  26tli.  nutlet  tLe  presiJency  of  Prof.  G.  Capelliiii.  Abcnif 
200  geologists  were  present,  tlioBe  from  Italy  and  France  of  course 
largely  preponderating.  AUhongh  the  number  from  various  nations 
were  exceedingly  dinproporlionate,  yet  tbe  Iiiteniational  nature  of 
t]ie  Congreee  is  aufBciently  apparent  from  the  following  list,  in  whiuh 
the  ntembeni  are  claHsified  according  to  the  conntriee  to  which  they 
belong: — Austria  4,  Belgium  6,  Canada  I,  Denmark  1,  Egypt  1, 
France  17,  Germany  6,  Great  Britain  5,  Hungary  5,  India  1, 
Italy  i;)0.  Portugal  2,  Roumauia  1,  Russia  C,  Scandinavia  I,  Spiun  4, 
Switzerland  8,  United  States  1. 

Ab  full  reports  of  the  proceedings  will  be  hereafter  publisbed,  it 
may  Buffice  here  to  give  a  brief  summary  of  the  results.  Two 
sittings  were  devoted  to  the  discusBion  of  Nomenclature,  etc-  The 
Keports  and  recommendations  of  the  various  National  Committees 
had  been  summarized  by  Prof.  Dewalcjue,  who  had  drawn  up  a 
general  Report  (embodying  these  resulte)  in  a  series  of  proposi lions, 
on  which  Ibe  voles  were  taken.  Tlie  final  result  of  the  discu»>iouB 
was  the  adaption  of  terms  iu  the  following  order,  the  mosi  compre- 
hensive being  placed  first ; —  

iKri'ii'onf  of  ndiwunlnry /armationi.  Connpondii'^  ch<-aniiiogintl  ttrmt.^^^ 

Oroup.  Em.  ^^| 

Stoi^e.  Age. 

As  equivalents  of  Series,  the  terms  Section  or  Abtheilung  may  be 
used  ;  as  a  BuhdivisioD  of  stage,  the  wonis  Beds  or  Aetiae. 

According  to  this  acheme,  we  would  speak  of  the  Falreozoic 
Group  or  Era,  the  Silurian  System  or  Period,  the  Ludlow  Series  or 
Epoch,  and  the  Aymestry  Stage  or  Age.  The  term  "formation" 
raised  a  difGculty,  becauBe  this  word  is  used  by  English  geologists 
in  a  sense  unknown  abroad.  To  bring  our  nomenclature  into  ara- 
forinity  with  that  of  other  nations,  it  will  be  necessary  to  use  the 
word  only  as  descriptive  of  the  mode  of  formation,  or  of  the  material 
composing  the  rock.  We  may  speak  of  the  "  Carboniferous  Forma* 
tion,"  as  a  group  of  beds  containing  coal ;  but  not  as  a  name  for  a  set  of 
rocks  apart  from  the  mineral  contents.  In  like  manner,  we  may  speak 
of  the  "  Chalk  Formation  "  but  not  of  the  "  Cretaceous  Formation." 

Two  sittings  of  the  Congress  were  given  to  tbe  questions  concern- 
ing the  colours,  signs,  etc.,  best  adapted  for  Geological  Maps,  with 
the  view  of  obtaining  greater  uniformity  in  this  matter  than  hitherto. 
On  this  subject  a  general  Report  had  been  drawn  up,  by  Prof. 
Benevier,  from  the  reports  of  the  various  National  Committees.  The 
scheme  of  colours  as  finally  adopted  is  as  follows  ;^ 

Group)  or  SytUmM.  Colouri. 

CryBtalline  SchistBof  l*ie-CambriBnAge  ...  Bright  raae-cannme. 

„  „  Unknown  Age Pale  roie- carmine. 

Palsazoic  roclu (QueetioD  leserred  far  Map  Cominittee.) 

Trias     Violet. 

Li»»      Dark  Blue, 

JuFMBic        Blue. 

Cretaceous   Green. 

Tertioiy Shades  o!  Telloir.  the  ueiw  divisiona  to 
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The  recommendations  as  to  subdivisions,  signs,  etc.,  are  nearly 
the  same  as  those  of  the  English  Committee,  which  indeed  were 
mainly  founded  upon  those  drawn  up  by  Prof.  Renevier ;  so  that  on 
these  questions  at  least  there  is  complete  unanimity. 

The  proposal  of  the  Congress  to  prepare  and  publish  a  Geological 
Map  of  Europe  has  met  with  universal  approval,  and  especial 
prominence  was  given  to  this  subject.  A  Commission  was  appointed, 
consisting  of  the  President,  Vice-Presidents  (representing  all 
countries),  and  a  few  other  members,  to  report  upon  the  best  means 
of  carrying  out  this  work.  Of  this  Commission  Prof.  Dewalque 
was  Secretary,  and  he  has  just  published  the  reports  of  its  meetings, 
which  were  submitted  to  and  adopted  by  the  Congress.  Stated 
briefly,  the  main  results  are  as  follows  : — The  work  will  be  carried 
out  by  a  Committee  of  eight  members : — for  Austro-Hungary,  Dr. 
E.  Mojsisovics ;  France,  Prof.  Daubree ;  Germany,  Dr.  E.  Beyrich 
(Director),  and  W.  Hauchecorae  (Assistant-Director)  ;  Great 
Britain,  W.  Topley ;  Italy,  F.  Giordano ;  Russia,  Prof.  De  Moeller ; 
Switzerland,  Prof.  Renevier  (Secretary).  Countries  not  directly 
represented  on  the  Committee  will  be  arranged  for  at  a  later  date  ; 
but  Austria  will  at  once  take  charge  of  Turkey.  Parts  of  Asia  and 
Africa  come  within  the  Map ;  of  these  France  will  supply  the 
material  for  Algeria ;  Great  Britain  that  for  Palestine,  for  which 
purpose  it  is  hoped  that  the  information  collected  by  the  Palestine 
Exploration  Fund  may  be  available. 

The  scale  of  the  Map  is  fixed  at  1 :  1,600,000,  or  about  26  miles 
to  one  inch.  It  will  be  published  at  Berlin ;  where  the  topo- 
graphical map,  which  is  to  serve  for  its  basis,  is  already  in  hand. 
The  Map  will  be  issued  in  sheets,  which  can  be  joined  together  as 
required.  It  is  estimated  that  the  cost  will  be  about  £2,600.  To 
meet  this  expense  application  for  assistance  will  be  made  to  the 
various  Governments  of  Europe.  As  the  Map  approaches  com- 
pletion, numerous  questions  will  arise,  concemiug  classification  and 
similar  subjects,  which  really  belong  to  the  Committee  on  geological 
nomenclature.  A  second  Committee  was  therefore  appointed,  to 
co-operate  with  the  Map  Committee  on  these  questions  when 
necessary.  This  was  formed  for  the  most  part  from  Vice-Presidents 
representing  various  countries.  Prof.  Hughes  is  the  Member  for 
England. 

Much  of  the  work  connected  with  the  Map  will  be  done  by 
correspondence ;  but  meetings  of  the  Committees  will  be  held  in 
September,  1882,  at  Foix,  in  the  South  of  France,  and  in  1883 
in  Switzerland.  The  Map  will  be  far  advanced,  if  not  completed, 
in  time  for  the  next  meeting  of  the  Congress,  which  is  fixed  for 
1884,  at  Berlin,  under  the  Presidency  of  Dr.  E.  Beyrich.  The 
fourth  meeting  of  the  Congress  will  probably  be  held  in  England. 

The  foregoing  is  only  a  brief  statement  of  results,  and  takes  no 
note  of  many  things  which  made  the  Congress  so  great  a  success 
and  so  pleasant  a  gathering.  For  these  we  have  to  thank  those  who 
have  been  working  to  this  end  for  many  months  past ;  chief  amongst 
them  we  must  note  Prof.  Capellini,  Professor  of  Geology  at  Uie 
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unoient  UniverBity  of  Bologna,  ami  President  of  the  Congtees  ;  and 
M,  F.  Omrd&Do,  ofaiof  Mining  Engineer  and  head  of  the  Qeological 
Survey  of  Italy. 

ITOTICES      OIF      IiiEiirOXK.3. 

International  GBOLooroiL  Cokgress. 
FiHAii    Hboommbndations    of    the   English   Committek    for    r«- 

PORTINO      OPOS      THK      COLOURS.     SiGNS,      ETC.,      KllPLOTED     ON 

Gkc'Looioal  Maps.     (PreKsnted  to  the  International  Geological 
Congresa  at  Bnlogna,  Scplember  26,  1881).' 

1.  For  general  niajM  of  large  areas,  and  for  email-scale  maps  of 
individual  counlriea,  it  ia  desii'able  to  frame  soma  scale  of  ooloon 
wliioh  can  be  readily  used  and  easily  understood  by  all  nations. 

2.  For  sedimentary  rocks  a  scale  of  colours,  based  on  the  order  of 
Doloui's  of  the  solar  spectniin.  is  desirable  for  such  small  or  general 
maps ;  subject  to  such  modification  as  may  appear  necessary, 

3.  The  scale  of  Colours  recommended  1b  : 

PIciHrminte     Bamt  Simrnkf      IpVMn^V^^^PB^H^Mfl^l 

Plunxm BoA  ~     "       -^^^^=^^^^^^^ 

Uioceo« Onnse. 

Eocene Purelellow. 

Cretaoeoos     Gteen. 

Jura^c Blue. 

SAU      Indigo.) 
rUa      Venetian  Bed. 

Pf^rmian Chalons  Broim. 

...  Dark  Grej,  dialingiushing  limestone  by  a  muh  of  bine. 


Devoi 


...  Violet. 

Cambrian       Purplisb  Violet. 

Pre-CsDibnan       ...  Purpluh  Cumins. 

4.  Sub-diviBions  of  Formations. — Three  or  four  shades  of  the  body- 
colour  to  be  used  ;  the  darkest  shade  for  the  lowest  or  oldest  sub- 
division. Dots,  lines  and  white  spaces  to  be  used  where  aeoessary. 
'Where  lines  or  dots  are  used,  they  should,  if  possible,  be  the  same 
as  tbe  body-colour  but  a  darker  shade.  It  was  suggested  that  if 
possible  such  lines  should  run  from  K.W.  to  S.E.  of  the  map. 

ia.  Fresbwaterformationsshouldbe  distinguished  by  some  method. 
Coloured  lines  or  engraved  signs  were  suggested. 

5.  Metamorphic  rocks  to  be  marked,  as  such,  by  dark  bands  of 
colour,  tbe  same  as  denoting  the  age,  but  a  darker  shade.  When  the 
age  of  the  melamorphism  is  known,  the  fact  may  be  denoted  by  ad- 
ditional bands  of  colour  of  the  age  of  the  melamorphism.  Thus: 
Caiuhrian  rocks  altered  in  Cretaceous  tiroes  would  be  purplish- violet, 
striped  with  alternate  lines  of  dark  purplish -violet  and  green. 

'  The  resolutions  pHHsed  by  the  Congregs  at  Rolojfna  differ  from  those  adopted  by 
tbe  Enelish  Committee  chiefly  in  the  foliowing  particulara  : — 

3.  The  scale  of  coloura  for  the  Map  of  Kurope  is  modified  as  stated  above.  The 
colours  for  I'alsozoic  rocks  being  left  undecided  for  the  present. 

4n  and  G  were  not  considered.  5  only  so  far  as  to  debna  tbe  coloura  to  be  used  for 
crystalline  schists  of  Pre-Cambrian  oi  of  ankDOwn  age. 
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6.  Igneous  Hocks. — Four  colours  would  suffice.    All  colours  to  be 

bright,  deep  and  glossy — 

Basalt  and  Greenstone      Dark  Carmine. 

Trachyte,  Felstone,  etc Permanent  Scarlet. 

Granite      Vermilion. 

Modem  Volcanic  Kock     Light  Orange. 

7.  The  letter-notation  of  the  formations  should  be  based  upon  the 
Koinan  alphabet  for  sedimentary  rocks,  and  upon  the  Greek 
alphabet  for  eruptive  rocks.  The  monogram  of  a  formation  should 
be  formed,  as  a  rule,  by  the  Initial  Capital  of  the  name  of  that 
formation;  the  subdivisions  to  be  distinguished  in  addition  to  this 
Initial  Capital,  by  the  initial  small  letter  of  the  name  of  the  sub- 
division, by  a  numerical  exponent  or  by  both.  The  figures  of  the 
numerical  exponents  to  be  always  given  in  chronological  order, — 
1  representing  the  first  or  oldest  subdivision.    Example : 

J.  Jurassic. 

Jl  Lias, 

JP  Middle  Lias. 

8.  This  Committee  approves  of  the  proposal  to  issue  a  Qeological 
Atlas  of  Europe,  under  the  authority  of  the  Congress. 

Signed,  A.  C.  Kajisay,  President  of  the  Committee. 

W.  TopLBY,  Secretary. 
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I. — Volcanoes:  What  they  abb,  and  What  they  Teach.  By 
John  W.  Judd,  F.R.8.,  Professor  of  Geology  in  the  Royal  School 
of  Mines.  8vo.  pp.  382.  With  9G  Illustrations.  (London:  C. 
Kegan  Paul  &  Co.,  1881.) 

THE  book  before  us  possesses  a  twofold  interest :  firstly,  as  the 
work  of  an  ardent  and  rising  geologist  who  has  been  favoured 
with  peculiar  advantages,  both  of  education  and  opportunity,  for  the 
study  of  volcanic  phenomena ;  and,  secondly,  as  having  been  written 
at  the  inspiration  of  the  most  accomplished  exponent  of  Vulcanology 
iu  this  country,  the  late  Mr.  G.  Poulett-Scrope.  If  his  venerated  friend 
and  master  in  Geology  could  have  been  spared  to  enjoy  one  additional 
pleasure  before  he  passed  away,  nothing,  we  feel  sure,  could  have 
enhanced  his  happiness  more  than  to  have  lived  to  see  the  issue  of 
the  present  volume  by  his  friend  and  disciple  Prof.  Judd.  Certainly, 
in  Mr.  Poulett-Scrope's  case,  the  dictum  of  Mark  Antony  must  be 
reversed,  and  we  may  indeed  say  of  him,  "  The  good  he  did  lives 
after  him." 

It  is  only  within  the  last  hundred  years  that  any  rational  or 
intelligible  views  with  regard  to  volcanos  are  to  be  found.  Previous 
to  that  time  tliey  were  looked  upon  as  '*  burning  mountains,"  or  as 
the  abode  of  some  deity,  or  as  the  place  of  torment  of  some  special 
and  heinous  offender. 

To  the  early  Greeks  and  Romans  the  crater  of  -^tna  marked  the 
spot  where  Typhon,  the  hundred-headed  monster,  lies  buried,  and 
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where  Tuloan,  surrounded  by  his  Cyclopes,  forged  the  tliunderbolla 
of  Zeui. 

To  the  Paoifio  Jslander's  simple  mind  the  crufer  of  Kilauea  in 
Hftwftii  is  the  dwelling  of  the  goddess  Prli.  In  Java,  the  ftiry 
of  its  Tolcanos  has  led  to  the  dedication  of  the  island  to  Siea, 
the  god  of  destruction,  and  in  the  very  cralors  of  these  burning 
mountuins  the  worshippers  of  Terror  and  Death  were  in  the  habit 
of  erecting  their  temples. 

So,  also,  the  ever- smoking  orifice  of  Tongariro  in  New  Zealand 
was  oonsiderod  by  the  Maoris  as  the  only  place  worthy  of  receiving 
the  dead  bodies  of  their  chiefs ;  for,  when  cast  into  the  crater,  they 
went  to  sleep  among  Iho  gods. 

To  (he  untutored  savage  and  to  the  ignoiwnt  bigot,  alike,  the 
Bublerranean  roarings  and  the  thundering  eroplions  of  Tjilcanos 
implied  a  demand  for  human  sacrifice  to  appease  the  residing 
deily.  Acting  nnder  the  influence  of  fear  and  ferocity,  the 
priests  of  not  a  few  religions  have  cost  victims  with  great  pomp 
into  the  gaping  mouths  of  these  immense  furnaces. 

Scarcely  three  centuries  ago,  when  the  oarly  disciples  of  Christianity 
were  estermiuated  over  the  whole  island  of  Japan,  the  followers  of 
the  new  religion  wei-e  thrown  by  hundreds  into  one  of  the  craters 
of  theUnsen,  perhaps  the  most  beautiful  volcano  in  the  Archipelago. 

Both  in  the  old  and  new  world  the  priests  of  the  Bomish  Church 
have  deemed  such  volcanic  outbursts  as  emanations  of  the  Evil  One, 
and  have  never  ceased  to  conjure  the  restless  and  unquiet  spirits  of 
the  nether  world  to  cease  their  troubling. 

Even  in  our  own  day,  if  we  no  longer  look  npon  these  phenomena 
as  belonging  to  the  supernatural,  stilt  we  are  too  apt  to  regard  them 
fks  altogether  different  from  other  facts  of  terrestrial  vitality. 

The  first  effort  at  a  better  comprehension  of  the  phenomena  of 
Tolcanos  was  made  in  17B8  by  the  illustrious  Italian  naturalist 
Spallanzani,  who  visited  and  published  an  account  of  the  volcanos 
of  his  native  land.  The  French  geologist  Dolomieu  added  observa- 
tions on  volcanic  ejecta ;  our  own  countryman  Sir  William  Hamilton, 
Ambassador  to  the  Court  of  Naples  in  1764,  devoted  much  time, 
during  his  long  residence  of  thirty-six  years  at  that  court,  to  careftd 
observations  of  Vesuvius  and  the  neighbouring  voloanoa,  the  results 
of  which  be  published  in  his  celebrated  work,  entitled  "  Campi 
Fhlegnei,"  accompanied  by  most  excellent  illustratioDS  of  the  places 
and  phenomena  which  he  saw.  To  these  early  writers  we  must 
not  omit  to  add  the  names  of  those  three  most  famous  German 
naturalists,  Von  Buch,  Humboldt,  and  Abich,  who  greatly  extended 
our  knowledge  of  volcanos  by  their  travels  in  different  portions 
of  the  globe. 

"  But  the  first  attempt  to  frame  a  satisfactory  theory  of  volcanic 
action,  and  to  show  the  part  which  volcanoes  have  played  in  thn 
past  history  of  our  globe,  t<^ther  with  their  place  in  the  present 
economy,  was  made  in  1825,  by  Poulett-Scrope,  whose  great 
work  '  Considerations  on  Volcanoes,'  may  be  regarded  as  the  earliest 
sfstemalio  treatise  on  Vulcanology.    Since  the  publicatiua  of  this 
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work,  many  new  lines  of  inquiry  have  been  opened  up  in  con- 
nexion with  the  subject,  and  fresh  methods  of  research  have  been 
devised  and  applied  to  it.  More  exact  observations  of  travellers 
over  wide  areas  have  greatly  multiplied  the  facts  upon  which  we 
may  reason  and  speculate,  and  many  erroneous  hypotheses  which 
had  grown  up  in  connexion  with  the  subject  have  been  removed 
by  patient  and  critical  inquiry." 

From  the  days  of  Spallanzani  to  our  own,  all  the  real  additions 
to  our  knowledge  of  Vulcanology  have  resulted  from  long  and 
patient  observations  of  actual  volcanos,  both  in  their  active  and 
quiescent  ^tes,  and  by  a  careful  chemical  and  microscopical  study. 
of  the  minerals  they  have  ejected  upon  the  surface. 

Gases,  and  especially  steam,  in  a  highly- heated  state,  are  un- 
questionably the  great  motor  agents  in  all  volcanic  displays,  and  to 
their  larger  supply  and  greater  compression  is  doubtless  due  the 
intensity  and  duration  of  each  eruption. 

The  presence  of  water  is  not  caused  (as  many  have  supposed) 
by  the  sea  finding  its  way  by  fissures  and  cracks  into  the  earth's 
heated  interior,  and  so,  by  being  suddenly  converted  into  steam, 
giving  rise  to  those  subterranean  convulsions  of  which  earthquakes 
and  volcanos  are  the  concomitant  indications.  On  the  contrary, 
it  appears,  both  from  observations  and  experiments,  that  not  only 
vast  quantities  of  aqueous  vapour,  but  also  enormous  volumes  of 
various  gases,  are  interstitial ly  present  everyiohere  in  the  earth's 
crust  The  rocks  composing  it,  upon  being  liquefied,  under  enor- 
mous heat  and  pressure,  have  the  power  to  absorb  many  times 
their  own  volume  of  certain  gases  as  well  as  water-gas.  That  such 
is  the  case  we  have  indisputable  evidence  in  the  prodigious  quanti- 
ties of  both  gases  and  steam  given  off  during  volcanic  outbursts  and 
while  lava-streams  are  flowing.  Even  the  volcanic  materials  of  past 
ages,  **  which  have  been  consolidated  under  great  pressure,  such 
as  granites,  gabbros,  porphyries,  etc.,  exhibit  in  their  crystals  innu- 
merable cavities  containing  similar  gases  in  a  liquefied  state.  It 
is  to  the  violent  escape  of  these  gases  from  the  molten  rock-masses, 
as  the  pressure  upon  them  is  relieved,  that  nearly  all  the  active 
phenomena  of  volcanoes  must*  be  referred ;  and  it  was  the  recogni- 
tion of  this  fact  by  Spallanzani,  while  he  was  watching  the  pheno- 
mena displayed  in  the  crater  of  Stromboli,  which  laid  the  founda- 
tion of  the  science  of  Vulcanology."  (p.  357.) 

There  is  one  interesting  point  dwelt  upon  by  the  author  in 
oonnexion  with  volcanic  phenomena  which  cannot  be  omitted. 
It  is  the  fact  that  up  to  the  present  time,  notwithstanding  the  now 
considerable  number  of  substances  known  to  occur  in  meteorites, 
no  element  has  yet  been  found  in  any  meteorite  which  was  not  pre- 
viously known  as  existing  in  the  earth ;  and  out  of  the  sixty -five  or 
seventy  known  terrestiial  elements,  no  less  than  twenty-two  have 
already  been  detected  in  meteorites.  But  as  there  are  a  dozen 
elements  which  occur  in  overwhelming  proportions  in  the  earth's 
crust,  viz.  oxygen,  silicon,  aluminium,  calcium,  magnesium,  sodium, 
potassium,  iron,  carbon,  hydiogen,  sulphur,  and  ohlorine^  mak\xis^>^>^ 
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amongst  them  not  lesa  than  999  out  of  1,000  parta  of  the  earth's 
cru6t,  and  all  of  these  twelve  commou  torreBlriai  elements  occur  in 
meteorites,  we  see  how  closely  these  small  hodies  unite  ns  to  the 
other  heavenly  bodies  arouud. 

One  fact,  however,  the  author  points  out,  of  great  importance, 
namely,  that  the  way  in  whioh  these  elenienta  occur  in  meteorites 
differs  materially  from  their  mode  of  occiirreace  on  our  earth's  cruBl, 
as  if  the  circumstances  surrounding  their  union  were  very  unlike  those 
of  our  earth's  surface.  "We  have,  for  instance,  MelrorilM  (called 
Sblotlderilea)  whioh  are  musses  almost  wholly  composed  of  metallio 
iron  or  of  iron  alloyed  with  nickel — others  {Sij*»ideriles)  formed  of 
a  network  of  iron  iuoloaiug  atony  materials — others  (Sporadosid^leg) 
of  stony  material  with  particles  of  metallic  iron  disseminated  through 
it— and  lastly  Aiideritet,  which  contain  no  metallic  iron,  but  consist 
entirely  of  stony  materials. 

The  stony  materials  of  these  (Atidei-itet)  have  been  matched  hy 
certain  ultra-basio  rocks  which  have  clearly  been  carried  up  with 
the  other  lavas  from  great  depths  in  the  earth's  crust.  Nodules 
composed  of  the  same  minerals  whioh  are  ao  highly  oharacterislio 
of  meteorites  occur  in  basaltic  lavas  and  tuffs  and  also  in  the  centres 
of  volcanic  hoiiibs  which  are  thrown  out  of  craters  during  eriiptiona. 

Lastly,  and  still  more  interesting,  is  the  discovery  that  materials 
similar  to  the  metallio  portion  of  meteorit«s,  and  oonsisting  of 
nickeliferoDs  iron,  also  occur  in  deep-seated  portions  of  the  earth's 
crust,  and  have  been  brought  to  the  surface  during  periods  of  igneous 
activity. 

Large  blocks  of  iron  like  ordinary  metallic  meteorites  (being 
composed  of  iron  alloyed  with  nickel  and  cobalt)  were  found  in 
1870  by  Prof.  Nordenskiiild  at  Ovifak,  Disko  Island,  off  the  coast 
of  Greenland  (see  Gkol.  Mao.  1872.  Vol.  IX.  p.  462,  etc.).  These 
were  at  once  concluded  to  be  a  number  of  meteorites  which  at  some 
past  time  had  fallen  upon  the  earth's  surface. 

But  a  further  examination  of  the  locality  showed  that  the  rocks 
composing  the  basaltic  dykes  adjacent  to  the  iron-masses  were  full 
of  particles  of  metallic  iron! 

Thus  another  link  is  added  to  the'  wondrous  chain  by  which  onr 
earth  is  nnited  to  other  and  distant  worlds ;  planet  to  planet,  and 
star  to  star ;  binding  the  whole  material  universe  together  by  the 
law  of  Continuity. 

Turning  from  our  earth  to  the  sun,  we  see  in  its  brilliant  promi- 
nences evidence  of  a  volcanic  enei^  far  surpassing  in  grandenr 
anything  of  which  we  can  form  an  idea,  yet  there  can  be  no  doubt 
that  its  surface  is  but  a  highly  accelerated  and  immensely  magnified 
repetition  of  what  goes  on  in  the  pigmy  volcanoB  on  our  earth. 

Oar  own  satellite  presents  us  with  the  obverse  of  the  sun's  busy 
energy.  In  the  moon  we  see  the  condition  to  which  a  planet  may 
be  reduced  in  which  all  cosmioHl  energy  has  died  out,  because  the 
motive  power  of  that  energy  (its  atmosphere  and  ocean)  no  longer 
exists.     It  is,  as  our  American  consins  would  say,  "  played  out," 


Sevieica — Penning  and  Browne*8  Oeology  of  Cambridge.     56o 

''  Terrible  and  striking,  then,  as  are  the  phenomena  connected  with 
volcanic  action,  such  sudden  and  violent  manifestations  of  the  sub- 
terranean energy  must  not  be  regarded  as  the  only,  or  indeed  the 
chief,  effects  which  they  produce.  The  internal  forces  continually 
at  work  within  the  earth's  crust  perform  a  series  of  most  important 
functions  in  connexion  with  the  economy  of  the  globe,  and  were  the 
action  of  these  forces  to  die  out,  our  planet  would  soon  cease  to  be 
fit  for  the  habitation  of  living  beings  "  (p.  302). 

It  would  be  impossible  to  give  an  adequate  notice  of  Prof.  Judd*s 
admirable  work  in  our  limited  space.  Fortunately,  however,  the 
book  is  so  planned,  both  for  size  and  price,  as  to  bring  it  within  the 
reach  of  every  student  of  Greology ;  and  every  student  should  possess 
a  copy. 

In  conclusion,  our  readers  may  be  reminded  that  some  of  the 
earliest  and  mosi  valuable  of  Prof.  Judd's  studies  of  Volcanos  in 
Italy  and  Hungary  appeared  as  Original  Contributions  to  the 
pages  of  this  Maoazinx  for  1875,  pp.  1,  56, 145,  206,  245, 298,  348, 
388,  482,  and  1876,  pp.  5,  53,  200,  337,  487,  523,  529. 


II. — ^Ths  Okolooy  or  the  Neioubourhood  or  Cambridge.  By 
W.  H.  Penning  and  A.  J.  Jukbs-Browne.  Memoirs  of  the 
(Geological  Survey  of  England  and  Wales.  8vo.  pp.  184. 
(London,  1881.) 

THAT  a  Memoir  of  the  Oeological  Survey  of  the  size  above 
indicated,  and  accompanied  by  twenty-three  woodcuts,  three 
plates  of  fossils,  two  coloured  maps,  and  two  plates  of  sections, 
should  be  published  at  4<.  6d.,  is  such  a  marked  improvement  in  the 
price  of  Survey  publications,  that  we  feel  bound  to  call  attention  at 
once  to  this  great  reduction  in  cost,  which  we  hope  may  be  main- 
tained in  the  future. 

The  Memoir  now  before  us  is  an  explanation  of  Quarter-sheet  51 
S.W.,  with  part  of  51  N.W.,  of  the  Geological  Survey  Map,  and 
although  it  will  not  compare  in  point  of  scope  or  popular  interest 
with  Professor  Bonney's  Geology  of  Cambridgeshire,  it  furnishes  a 
detailed  account  of  the  geological  facts  connected  with  a  portion  of 
the  county  which  cannot  fail  to  be  of  scientific  as  well  as  practical 
value.  The  formations  described  include  the  Oxford  Clay,  Kimmeridge 
Clay,  Lower  Greensand,  Grault,  Chalk,  Glacial  and  Post-Glacial  Drift. 
In  their  account  of  the  Chalk  the  authors  have  added  much  to  what 
was  previously  known,  and  their  labours  lead  them  to  feel  confident 
in  the  existence  of  zones  in  the  Chalk,  and  that  these  are  remarkably 
constant  throughout  the  whole  extent  of  the  escarpment  from 
Dorsetshire  to  Cambridgeshire.  In  this  respect  tliey  corroborate 
and  supplement  the  work  of  Dr.  Barrois.  Further,  in  the  larger 
divisions  under  which  the  zones  may  be  grouped,  they  apply  the 
general  classification  proposed  in  1833  by  Samuel  Woodward  for 
the  Chalk  of  Norfolk,  thus  making  Upper,  Middle  (or  Medial),  and 
Lower  divisions. 

A  general   account  of  the  palssontology  of  the  different  sub- 
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ilivieionB  of  the  Clialk  forma  the  Biibject  of  an  Appendix  by  Mr, 
Ethei'idge,  wLo  also  describes  Bud  figuree  a  ruiuber  of  new  epeciw 
of  MoUiisctt.  TLo  "Cambridge  Greensand,"  willi  its  included 
erratics  and  coprolites,  in  treatod  of  nnder  tbo  heading  of  Clialk 
Marl,  and  some  account  of  the  origin  of  ihe  phoBpbatic  Bodulea  ia 
given.  ITie  origin  of  the  fliiita  of  the  Upper  Chalk  is  also  briefly 
discussed,  the  aufborB  attempting  to  account  for  tbo  occurrence  of 
flints  in  regular  layers,  by  considering  tlist  an  "iuilial  plane  of 
segregation"  was  given  at  repeated  interi-als  by  organic  remaios 
sirewn  over  the  surface  of  the  chalk  innd;  and  that  the  silica, 
which  at  first  was  equally  iliBtributed  throughout  the  water  by  which 
the  uuBolidifiod  portions  of  the  masa  was  permeated,  aocuiuulaled 
along  the  same  plane  of  decaying  organisms,  notwithstanding  the 
mud  that  was  still  being  thr<)wn  down,  and  by  which  the  forming 
Hue  of  flint  was  buried.  They  "assume  that  the  force,  whatever  it 
may  have  been,  would  act  upwards  and  downwards  through  some 
definite  thickness  of  the  mud,  and  that  until  the  sediment  had 
attained  a  certain  height  above  such  line,  the  silica  would  eontinoa 
to  Begregnte  along  it,  in  and  around  its  organisms.  When  that  point 
was  reached  no  more  silica  would  segregate  aloog  that  particular 
■zone,  the  organic  remains  on  the  Ihc-u  esisting  floor  would  in  a 
similar  manner  serve  as  the  nuclei  of  a  new  layer,  and  another  line 
of  flints  would  be  at  once  commenced."  Tliia  explanation  is  sug- 
gestive, although  it  leaves  much  to  be  said,  before  the  subject  can 
be  said  to  be  plain  and  easily  understood. 

The  description  of  the  Glacial  Drift  occupies  but  a  few  pages ;  it 
comprises  Boulder- clay,  Marine  Gravels  and  Loam.  In  a  sub- 
sequent chapter  the  authors  enter  at  some  length  into  the  question 
of  the  physical  conditions  under  which  the  Glacial  and  Post-Glacial 
Drifts  were  deposit«d ;  and  they  express  their  ocnviotion  that  the 
Boulder-clay  was  mainly  produced  by  the  action  of  Coast-ice. 

The  various  Fost-GIacial  gravels  are  described  in  much  detail,  and 
a  map  is  given  to  show  the  courses  of  the  Ancient  and  Uodeni 
Kivera  in  Cambridgeshire. 

The  lists  of  fossils  from  the  various  formations  and  localities  are 
very  fulh  Details  of  well-sections  and  borings  are  given  ;  and 
there  is  also  a  list  of  works  on  the  Geology  of  Cambridgeshire, 
compiled  by  Mr.  Whitaker,  who  superintended  the  field-work  and 
has  edited  itie  Memoir. 


Geolooical  Societt  op  Lomos. 

November  2,  1881.— E.  Etheridge,  Esq.,  F.R.S.,  PreBident,  in  the 
Chair. 

Prof.  Hughes  called  the  attention  of  the  Society  to  the  work  being 
done  by  the  Swiss  Falceontogi-apbical  Society.  He  pointed  out 
that,  the  Swiss  being  a  small  nation,  and  their  scientific  men  pro- 
portionately few  in  number,  it  was  a  very  spirited  thing  of  them  to 
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keep  np  the  regular  publication  of  a  series  of  exliaustive  treatises 
on  the  plan  of  our  own  PalsBontographioal  Memoirs.  Those  engaged 
in  palsdontological  work  knew  well  the  value  of  these  publications, 
and  oould  appreciate  the  labour  and  care  necessary  to  keep  going 
such  a  large  uiAlertaking.  He  felt  sure  that  much  more  support 
oould  and  would  be  offered  to  our  Swiss  fellow-labourers  and  our 
good  friend  Benevier,  if  the  English  public  could  be  made  aware  of 
the  important  work  they  were  doing.  He  therefore  invited  the  co- 
operation of  the  members  of  the  Society  in  the  matter. 

The  President  announced  that  at  the  next  meeting  of  the  Society 
Prof.  Hughes  would  state  what  were  the  general  results  achieved 
by  the  lutei-national  Geological  Congress  held  this  year  at  BolognaJ 

The  following  communications  were  read  : — 

1.  ''On  the  Gknus  Stoliczkariay  Dune,  and  its  Distinctness  from 
Parkeria,  Carp,  and  Brady."    By  Prof.  P.  Martin  Duncan,  F.R.S. 

The  author  discussed  in  detail  the  characters  of  his  Syringosphss- 
ridsB,  a  group  of  Khizopoda  established  by  him  for  the  reception  of 
the  spheroidal  organisms  known  in  India  as  Karakoram  stones. 

The  order  SyringosphaBridaa  consists  of  spherical  or  spheroidal 
bodies  composed  of  numbers  of  conical  radiating  congeries  of  minute, 
continuous,  long,  bifurcating,  and  inosculating  tubes,  and  of  an  inter- 
radial  tube-reticulation  arising  from  and  surrounding  the  radial 
oongeries.  The  tubes  open  at  the  surface  in  eminences  and  in  pores. 
The  walls  of  the  tubes  consist  of  granular  and  subspiculate  carbo- 
nate of  lime.  There  is  no  coenenchyma.  In  Syringospharia  (fully 
characterized  by  the  author  in  "  Scientific  Results  of  the  Tarkand 
Mission,"  Calcutta,  1879,  p.  10)  the  body  is  covered  with  large 
compound  wart-like  prominences  with  intermediate  verrucosities,  or 
with  modifications  of  such  structures,  and  between  these  eminences 
are  shallow  depressions  bounded  by  tubes.  The  surface  has  tubes 
opening  upon  it  from  the  internal  radial  series  and  also  from  the 
interradial  reticulation  ;  there  are  also  masses  of  tubes  running  over 
» it  and  converging  on  the  eminences.  In  Stoliczkaria^  a  second 
genus,  the  surface  is  covered  by  numerous  granulations,  separated  by 
intervals  about  equal  to  their  breadth.  There  are  no  pores  on  the 
surface,  but  tube-openings  occur  in  the  granulations.  The  central 
ones,  which  are  small,  are  the  terminations  of  the  very  numerous 
radial  series,  which,  in  section,  are  not  very  conical  but  nearly 
straight,  and  give  off  minute  offshoots  to  the  surrounding  convoluted 
and  varicose  larger  tubes  of  the  interradial  series,  which  open  to- 
wards the  periphery  of  the  granulations.  There  is  no  coenenchyma. 
The  species  is  named  Stoliczkaria  granulaia. 

He  then  proceeded  to  compare  the  structure  of  the  Syringo- 
sphsaridad  with  that  of  Parkeria^  with  which  they  have  a  consider- 
able resemblance  in  external  appearance.  The  internal  structure 
differs.  Parkeria  shows  a  radial  series  of  large  tubes,  a  system 
of  interspaces  in  concentric  series,  and  a  labyrinthic  structure  of 
irregularly-shaped  chamberlets,  communicating  with  each  other  and 
cancellous  in  appearance.    The  interspaces  are  traversed  by  one  or 

^  This  is  giren  by  Mr.  Topley,  see  ante  pp.  667-56U 
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moro  large  radial  tubes,  and  the  floor  of  eacli  interspnco  towards  ihe 
centre  is  made  up  uf  tbe  niiuute  chamberlet  structure,  tbe  oiwn- 
ingB  of  wliioh  communicate  only  with  the  iuters[)ace  beyond.  The 
latiyriulhio  structure  sometimes  stretohes  acruss  the  interspacee,  and 
the  radial  tubes  commanicate  at  their  sides  with  the  labyrintliic 
diamberlets  of  the  laraellM  forming  the  floor  and  roof  of  the  inter- 
B]iaco8,  The  continuity  from  the  centre  of  the  body  to  the  circum- 
ference is  thus  defective,  and  the  body  conBlsts  of  radial  tubes  and 
of  a  labyrinthic  structure  of  a  cellular  and  setuiuellular  character. 

Tlie  author  maintflioed  that  the  two  structures  were  intrinsicaliy 
different,  and  he  alxo  iudicnted  a  difference  in  Ihe  mineral  conditinu 
of  the  fossils,  Farkeria  being  always  pbosjihatic,  whereas  no  pboS' 
phate  of  lime  could  be  detected  in  Sloliakaria. 

2.  "  On  the  Elasticity-  and  Strength-constants  of  Japanese  Rooks." 
By  Thomas  Gray.  Esq.,  B.Sc.,  F.H.S.E.,  and  John  Milne.  Esq.,  F.G.S. 

In  this  paper  tbe  authors  described  the  results  of  some  experi- 
ments made  to  determine  the  elasticity -oonslanta  and  strength 
against  rupture  and  crushing  of  a  few  of  the  commoner  Japanese 
mclcE,  their  chief  object  being  to  obtain  data  fur  calculating  the 
Iheoretiofti  Teiocilies  of  earthquake-wave  transmissinn.  The  rocks 
Hiibuiitled  to  expenment  were  a  grry  gnmite,  t\  pi:i-e  white  crystal- 
line marble,  a  greyish-green  soft  tuffi  a  mottled  clay-rook,  and  clay- 
slate. 

Young's  moduli  were  determined  by  the  bending  of  solid  cylinden 
of  the  rocks  in  an  apparatus  deeorihed  and  figured ;  the  deviations 
produced  were  read  by  means  of  the  reflection  from  a  mirror,  which 
magnified  them  more  than  200  times.  The  process  for  determining 
the  rigidity  was  also  described  and  illustrated  by  a  figure;  and  the 
experiments  in  crushing  were  made  upon  columns  of  stone  by  means 
of  a  Bramah  press.  In  experiments  on  the  rupture  of  the  columns 
there  was  no  marked  deviation  from  the  proportionality  of  stmin  to 
stress  up  to  the  breaking- point,  oieept  in  the  case  of  the  marble. 
In  crushing,  the  authors  obtained  considerable  lower  moduli  than  • 
those  quoted  in  tables  for  similar  rooks ;  and,  as  their  experiments 
were  performed  upon  columns  about  thi«e  times  as  long  as  their 
diameter,  they  repeated  them  upon  columns  of  marble  varying  in 
length  from  one  half  to  sis  times  the  thickness.  The  results  seemed 
to  show  that  the  short  specimens  were  the  weakest ;  but  there  was 
little  difference.  The  authors  give  the  formulte  by  which  they 
worked  out  the  results  of  each  series  of  experiments,  and  bring 
together  the  mean  results  in  a  tabular  form. 

3.  "The  Glacial  Deposits  of  West  Cumberiand."  By  J.  D. 
Kendall,  Esq.,  C.E.,  F.G.S. 

The  author  gave  a  brief  sketch  of  the  physical  get^raphy  of  llie 
district  and  of  the  distribution  of  the  more  remarkable  and  easily 
recognized  varieties  of  rock.  Tbe  glacial  deposits,  viz.  Boulder- 
clays,  sands,  and  gravels,  occupy  mainly  tbe  area  of  low  ground 
skirting  the  hills,  extending  upwards  to  a  height  of  about  500  feet 
above  the  sea ;  above  that  conlour-line  they  only  ooour  in  isolated 
patabos  or  tongue-Uke  ptoVoa^tiooA  u;  valleys  to  elevations  ooca- 
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sionally  of  about  1,000  feet.  The  depoRits,  where  fully  developed, 
consist  of  Upper  Boulder-clay,  Middle  Sand  and  Gravel  and  Lower 
Boulder-clay ;  together  they  sometimes  attain  a  thickness  of  from 
100  to  about  130  feet.  Certain  peculiarities  in  the  distribution  of 
the  deposits  were  described.  The  tripartite  arrangement  never 
occurs  in  the  valleys  in  the  mountainous  district.  Boulder-clays, 
indeed,  sometimes  occur  here,  but  sands  are  more  common.  The 
distribution  of  the  boulders  from  the  more  remarkable  rocks  was 
described ;  tables  of  these  were  given,  as  also  of  the  maximum 
height  above  the  sea  at  which  each  occurs.  The  origin  of  the 
deposits  was  next  discussed.  The  author  is  of  opinion  that  the 
presence  in  the  Lower  Boulder-clay  of  boulders  derived  from  such 
widely  different  sources  can  only  be  explained  by  floating  ice,  but 
that  the  correspondence  of  the  materials  of  the  clay  with  rocks  in 
the  vicinity  shows  that  glacier-mud  produced  the  finer  elements. 
The  Middle  Sand  and  Gravel  he  considers  due  to  denudation  of  the 
above  materials  during  a  period  of  emergence.  The  Upper  Boulder- 
clay  he  attributes  to  a  second  period  of  submergence  corresponding 
generally  in  its  conditions  with  the  former  one.  The  gravel  mounds 
are  probably  caused  by  the  stranding  of  bergs  at  the  end  of  this 
period. 


THE   SUDDEN  EXTINCTION  OF  THE  MAMMOTH. 

Sib, — I  was  flattered  by  finding  two  communications  in  the  last 
Number  of  your  Magazine  devoted  to  the  papers  I  have,  by  your 
favour,  printed  in  that  most  catholic  of  geological  publications.  It 
is  some  proof,  at  all  events,  that  the  papers  have  attracted  notice. 
With  one  of  these  communications,  signed  Ignoramus,  I  most  com- 
pletely agree.  There  is  no  pedantiy  more  transparently  foolish 
than  that  which  dots  its  pages  with  quotations  in  a  foreign  tongue. 
In  my  case,  the  excuse  is  that  I  was  writing  as  a  heretic,  upon  a 
question  in  which  a  large  proportion  of  English  geologists  are 
ranged  on  the  other  side,  and  therefore  in  quoting  critical  and 
important  passages,  to  avoid  all  pretence  that  I  was  garbling  or 
introducing  my  own  personal  equation  into  my  authorities,  I  thought 
it  better  to  give  the  exact  words  of  the  author.  I  will  not  trans- 
gress the  same  way  again ;  but  if  I  have  occasion  to  quote,  I  will 
give  the  most  faithful  translation  I  can  command.  To  Mr.  Beid 
I  must  devote  a  larger  space.  First,  let  me  thank  him  cordially 
for  the  terms  in  which  he  has  spoken  of  my  papers.  It  is  a  great 
point  gained  to  have  no  quarrel  about  the  facts,  which  are  therefore 
at  the  disposal  of  all  your  readers.  Nor  is  there  any  quarrel  about 
the  cardinal  postulate  upon  which  my  view  is  based,  and  which  is 
shared  by  Mr.  Beid,  if  I  understand  his  letter  rightly,  with  the 
Bussian  geologists,  namely,  that  the  Mammoth  lived  and  died  where 
his  remains  are  found. 

Mr.  Beid  says  the  conclusions  I  have  drawn  are  quite  unwarranted 
by  the  facts.    This  is  merely  a  strong  phrase  to  use  of  conclusions 
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arrived  nt  by  Buch  profound  tenchera  of  physical  ecience  as  Covier 
And  Buckland  in  tlie  last  generation,  aod  d'Archiao  in  thia.  Tb9 
phrase,  liowever,  may  pass  as  meaning  merely  that  Mr.  Reid  liim- 
Btilf  docH  not  agree  with  these  concltieions.  He  also  speaks  of  the 
view  which  is  opposed  to  the  current  Uniformitarian  theory  aa  an 
eilinct  tlieory.  Surely  again  Mr.  Reid  limits  his  language  to  the 
scholars  of  Lyell  in.  this  country.  lie  cannot  hare  read  what  the 
great  school  of  geologiatB  in  France  and  Belgium,  where  60  much 
work  has  been  devoted  to  Post-OIacial  deposits,  has  written  and  is 
writing  upon  the  question  of  Uniformity,  or  he  would  not  use  the 
term  extinct  theory  to  the  view  maintained  by  its  opponents. 

These  phrases  are,  however,  mere  prejudice.  We  are  not  theologians 
discussing  authority,  hut  students  of  an  inductive  science  in  which 
the  facts  lire  the  things  to  appeal  to,  and  not  the  name  of  this  or  that 
writer — of  tliis  or  that  popular  school  of  geolijgy.  If  I  have  quoted 
others,  it  is  only  to  show  that  what  I  have  advanced  has  been  held 
by  bigger  men  than  myself.  Let  ns  then  to  the  facta.  Those  who 
hold  Mr.  Reid'a  view  have  to  account  for  two  things — the  presence 
of  Mammoth  remains  buried  in  elevated  clay-hills  throughout  the 
length  of  Siberia;  and,  secondly,  the  preservation  of  the  flesh  of 
these  HammothH  fresli  and  intncL  Tn  regard  to  the  former  difficulty, 
Mr.  Reid  suggests  that  the  Mammoths  were  buried  by  sediment  from 
the  Siberian  rivera.  It  is  true  that  the  upper  reaches  of  the  Kiver 
Obi,  where,  by  the  way,  Mammoth  remains  are  infrequent,  are  subject 
to  very  wide  floods,  caused  by  the  stoppage  of  the  drainage  by  the 
mouth  of  the  river  being  hard  frozen,  while  its  aoarces  are  thawed ; 
but  thia  is  by  no  means  the  rule  with  the  other  Siberian  rivers, 
especially  those  of  Eastern  Siberia,  where  the  Mammoths  abound, 
and  which  have  deep  channels  and  ateep  hanke.  There  floods  are 
comparatively  slight,  nor  do  snch  floods  reach  the  high  ground 
where  the  Mammoths  are  chiefly  found,  nor  ia  the  high  ground 
composed  of  nver  sediment,  but  largely  of  clay.  The  floods  seen 
in  the  lower  Tundraa  are  not  fluviatite,  but  caused  by  the  melting  of 
the  summer  snow  on  their  surface.  Again,  as  I  have  quoted  from 
Schmidt,  who  ia  the  most  experienced  geologist  who  has  examined 
the  problem  on  the  spot,  the  Siberian  rivers  do  not  depoait  sediment 
that  could  envelope  the  Mammoths.  Lastly,  the  fluviatile  theory 
requires  that  the  Tundra  throughout  Nortliem  Silseria  should  be 
submerged  entirely  throughout  the  winter  months;  for  unless  the 
high  ground  is  covered,  the  problem  ia  not  solved.  If  so,  how  oould 
the  Mammoths  live  there  at  all  ?  Even  Dr.  Tanner,  with  his  aqueous 
tastes,  would  be  puzzled  to  live  a  few  mouths  upon  the  frozen 
beverage  which  North  Siberia  supplies  so  plentifully,  much  less 
great  pachyderms  requiring  immense  stores  of  vegetable  food  daily. 

Mr.  Reid  speaks  of  the  occasional  preservation  of  carcases  of 
Mammotha  and  Bhtnooeroaes.  Considering  that  they  are  found  in 
the  whole  breadth  of  Asia  from  the  estuary  of  the  Obi  to  Behrings 
Straits,  in  a  region  almost  deserted  by  civilized  man,  and  therefore 
beyond  the  reach  of  anytliing  but  casual  inquiry,  and  oonsidering 
the  number  of  recorded  cases  and  the  long  ages  during  whioh  their 
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€)oourrenoe  has  been  recorded,  the  word  oooasional  seems  misplaced. 
It  seems  in  fact  clear,  from  the  frequency  and  dispersal  of  the 
oarcases,  that  their  occurrence  is  according  to  some  law,  and  not 
according  to  mere  local  circumstance ;  for  the  conditions  in  which 
they  are  found  are  the  same  over  120  degrees  of  longitude. 

Mr.  Reid  says  the  plants  found  with  the  Mammoth  do  not  show 
a  warm  climate.  As  the  same  trees  and  the  same  land  shells  have 
been  found  with  the  Mammoth  in  Germany  and  in  Northern 
Siberia,  it  shows  a  climate  consistent  with  the  possible  climatic  con- 
ditions of  Germany  in  Post-Glacial  times — a  climate  inconsistent 
altogether  with  permanently  frozen  ground  close  to  the  surface  over 
a  whole  continent,  or  with  winter  conditions  such  as  no  large 
herbivores  could  contend  with.  The  problem  further  requires  that 
over  the  whole  of  Northern  Asia  the  climate  should  once  have  been 
80  temperate  and  mild  that  the  bodies  of  the  Mammoth,  etc.,  could 
be  thrust  into  the  ground  or  covered  with  it,  and  that  afterwards, 
and  from  the  time  they  were  so  thrust  in,  that  same  ground  must 
have  remained  hard  frozen  to  our  own  day.  On  this  condition  only 
could  the  flesh  be  preserved.  If  this  were  a  mere  local  matter 
affecting  one  small  area,  we  might  invoke  local  causes  like  the  case 
of  Mount  Etna,  but  the  case  is  a  continental  one.  The  Bear  Islands, 
where  no  shrub  can  exist  at  all  150  miles  away  from  the  mouth  of 
the  Lena,  the  occasional  home  of  the  Arctic  Fox  and  the  Snowy  Owl, 
must,  when  the  Mammoth  lived,  have  supplied  an  abundant  vegeta- 
tion even  in  winter ;  so  must  the  whole  of  that  terribly  inclement 
district  the  Peninsula  of  the  Chuktchi ;  so  must  the  tundras  from  the 
Yenissei  to  the  Lena;  and  yet  immediately  the  animals  died  the 
ground  must  have  been  so  frozen  for  several  feet  below  the  surface 
as  to  be  impervious  both  to  the  sun's  heat  and  to  the  filtration  of 
water.  I  never  urged  that  the  state  of  things  existing  now  at 
Yakutsk,  where  it  is  probable  the  ground  is  permanently  frozen  for 
600  feet  from  the  surface,  was  created  suddenly.  It  is  no  doubt  the 
result  of  many  centuries  of  hard  climatic  conditions.  The  presence 
of  beds  of  blue  ice  alternating  with  clay  and  soil,  and  due  probably 
to  some  unexplained  filtration  of  water,  is  no  doubt  also  the  result  of 
a  long  process ;  but  what  I  urge,  and  have  always  urged,  and  have 
had  my  opinion  confirmed  by  the  views  of  many  scientific  men  with 
whom  I  have  discussed  the  problem,  is  that  the  Mammoth,  when 
alive,  must  have  been  surrounded  with  temperate  conditions  and 
abundant  food,  while  directly  after  he  died  Arctic  conditions  must 
have  at  once  supervened  and  prevented  the  decay  of  his  body.  The 
proofs  of  this  position,  which  seems  to  me  to  be  more  impregnable 
with  every  fresh  piece  of  evidence,  are  cumulative.  I  have  tried  to 
present  a  number  of  them  as  fairly  as  I  could.  As  yet  I  have  stated 
but  half  my  case.  However,  I  hope  my  good  friend  Dr.  Woodward, 
who  has  been  very  considerate  to  my  heresies,  will  allow  me  to 

? resent  the  remaining  evidence,  which  is  more  purely  geological, 
must  emphatically  say  that  I  very  much  distrust  all  deductive 
methods  in  science.  The  formulating  of  a  very  plausible  plea  of 
uniformity  as  an  infallible  dogma,  and  then  reading  one's  facts 
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up  to  it,  is  a  misleading  method.  The  only  ferl.ile  method  in  snch 
inquiries  aa  oure  is  iudactioa  from  the  facts,  and  to  this  I  most 
unflincliingly  invite  your  readers. 

If  the  facts  are  BUBceptible  of  a  more  reasnuable  explanation  than 
tliat  I  have  given,  by  ail  means  let  de  have  it,  and  I  will  siiirender. 
At  present  1  am  a  more  incorrigible  heretic  than  ever.  I  hope  I 
have  not  said  one  oflenaiTe  or  irritating  word.  If  I  have,  may  it  be 
cancelled  and  forgiven.  In  conclusion,  let  nie  quote  a  most  weighty 
aentence  or  two  from  one  whom  both  Mr.  Keid  and  myself  will 
at^ree  with  honouring  and  paying  aonie  deference  to.  Professor 
Huxley,  in  hia  address  to  the  Geological  Society  for  1869,  said, 
"  To  my  mind  there  appears  to  be  no  sort  of  necessaiy  theoretical 
antagonism  between  Catastrophism  and  Unifomularianiam.  On 
the  contrary,  it  is  very  conceivable  that  catastrophes  may  be  part 
and  parcel  of  uniformity.  Xiet  me  illustrate  my  caae  by  analogy. 
The  working  of  a  clock  is  a  model  of  uniform  action.  Good  time- 
keeping means  aniformity  of  action.  But  the  striking  of  the  clock 
is  esBeiitially  a  catastrophe.  The  hammer  raight  be  made  to  blow 
up  a  barrel  of  gunpowder  or  turn  on  a  deluge  of  water :  and  by 
proper  arrangement  the  clock,  instead  of  marking  the  hours,  raigbt 
Bliike  at  all  sorts  of  irregular  intervals,  never  twice  alike  in  the 
intervals,  force,  or  number  of  its  blows.  Nevertheless,  all  these 
irregular  and  apparently  lawless  catastrophes  would  be  the  result 
of  an  absolutely  Uniformitarian  action,  and  we  might  have  two 
schools  of  clock  theorists,  one  studying  the  hammer  and  the  other 
the  pendulum."  These  are  weighty  words,  to  every  one  of  which  I 
subscribe.  In  objecting  to  the  current  doctrine  of  Uniformity,  it 
may  be  suggested  that  I  am  objecting  to  the  government  of  the 
universe  by  law — a  view  I  repudiate  alt<^ther.  What  I  say  is 
that  the  law  which  governs  the  universe  is  not  to  be  grasped  by 
those  who  will  not  look  beyond  what  is  passing  now  at  their  elbows. 
A  beautiful  city  like  Lisbon,  where  I  was  born,  has  existed  for  100 
years  in  peaceful  prosperity  ;  and  yet  in  1753  it  was  overwhelmed  by 
the  most  terrible  cataclysm  that  is  mentioned  in  modern  history. 
That  cataclysm  is  the  type  of  others.  How  can  such  an  event,  the 
only  one  of  its  extent  and  kind  recorded  in  the  West,  be  explained 
by  the  current  school  of  English  geologists?  To  Professor  Huxley, 
and  those  who  hold  with  bim,  such  a  cataclysm  is  as  much  the  result 
of  law  as  the  peace  which  has  succeeded  ;  and  to  some  of  us  a 
cataclysm  of  a  much  greater  extent,  involving  a  great  revolution  in 
current  geological  views  about  Post-Glacial  geology,  is  just  aa  reason- 
able a  priori,  while  we  affirm  that  it  is  abundantly  required  to 
explain  the  facte.  Hbnbt  H.  Howokth. 

Dbbbt  Hodse,  EccLEg,  JViw.  SrA,  1881. 


COAL-MEABUEES  UNDER  THE  NEW  KED  SANDSTONES. 

Sir, — Permit  me  to  say  that  the  discovery  of  limestone  bands  at 
Winwick  beneath  the  Trias  is  not  quite  so  novel  a  one  oa  both  Mr. 
Strahan  and  Mr.  De  Ranee  appear  to  think. 

la  a  letter  of  mine  to  wq  L\)]eTfQol  Dailij  Poet,  dated  15  Sept. 
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1872,  and  afterwards  copied  into  Nature,  Sept  19, 1872,  the  following 
passage  occurs : — "  But  a  well-boring  at  Win  wick,  after  penetrating 
150  feet  of  Bed  Sandstone,  the  upper  part  of  which  is  placed  with 
the  pebble  beds  in  the  Geological  Survey  sheet,  ¥ra8  sunk  210  feet 
through  strata  consisting  of  hard  rock,  stiff  red  marl,  red  and 
white  sandstone,  with  a  zone  of  Umesiane  bands  at  the  base,  the 
boring  terminating  at  360  feet  from  the  surface,  in  hard  rock." 

In  this  letter  the  possibility  of  finding  workable  coal  under  Uie 
Trias  is  fully  discussed.  I  further  observed  that  I  "  was  inclined  to 
think "  that  these  beds  "  belong  to  the  Permian  rather  than  to  the 
Upper  Goal-measures."  The  borings  through  the  Trias  at  St.  Helenas 
have  been  made  since  this  letter  was  written. 

Park  Corner,  Blundkllsaxds,  T.  Mellard  Beadb. 

Xov,  9tk,  1881. 

DR.  CALLAWATS  VIEWS  OX  ANGLESEY  GEOLOGY. 

Sir, — At  page  423  of  the  September  Number  of  this  Maoaztne, 
Dr.  Callaway  states,  speaking  of  the  Greology  of  Anglesey,  "  that  in 
no  case  are  there  any  signs  of  a  transition  between  the  altered  and 
unaltered  beds."  It  is  not  quite  clear  to  what  beds  he  refers  as 
altered  or  metamorphic  beds ;  but  if  he  has  in  view,  as  I  imagine 
he  has,  the  great  gnarled  series  of  Anglesey,  which  occupies 
the  whole  northern  part  of  the  island,  I  venture  to  take  serious 
exception  to  his  statement  This  area  of  so-called  metamorphic 
rock  is  represented  on  the  Survey  Map  as  bounded  on  the 
south  by  a  great  curved  fault  On  the  coast  at  Forth  Corwg, 
near  Point  ^lianus,  where  the  fault  is  represented  as  running 
out  to  sea,  a  fault  undoubtedly  does  occur,  and  the  gnarled  beds 
are  there  seen  to  rest  against  the  shales.  As  far  as  I  know, 
this  fault  is  actually  seen  nowhere  else.  It  has  been  assumed  to 
exist,  as  the  most  plausible  explanation  of  the  stratigraphy  of  the 
district,  and  has  been  so  indicated  on  the  map.  There  are  various 
circumstances  which  suggest  that  the  line  laid  down  on  the  map  is 
not  the  line  a  great  fault  would  take,  and  I  am  in  a  position  to  state 
that  no  fault  occurs  at  .two  points  (at  any  i-ate)  of  the  line  indicated ; 
for  a  distinct  passage  can  be  seen  and  traced  inch  by  inch  from  the 
fossiliferous  shales  to  the  beds  marked  **  altered  Cambrian  "  on  the 
Survey  Map,  and  which  Prof.  Hughes  calls  the  "  gnarled  series," 
This  passage  is  shown  on  the  slopes  of  the  north  side  of  Fare's 
Mountain,  where  bare  rock  crops  out  at  the  surface  for  some  distance, 
and  the  character  and  texture  of  the  rocks  can  be  distinctly  observed. 
Also  at  Hafod-onen,  near  Bhosgoch  Station,  where,  on  the  bared 
surface  of  the  farm-yard,  the  two  series  can  be  seen  passing  into  one 
another,  the  one  dipping  under  the  other.  I  do  not  assert  that 
fossiliferous  Cambrian  shales  pass  into  metamoi*phic  rocks,  but  I  do 
assert  that  I  have  seen  such  shales  pass  into  beds  which  Dr.  Callaway 
has  included  under  the  head  metamorphic.  If  the  term  metamorphic 
is  used  in  any  strict  sense  as  implying  a  re-arrangement  and  crystal- 
lizing of  mineral  constituents,  I  do  not  see  how  it  can  be  applied 
indiscriminately  to  the  **  gnarled  series."    Farts  of  the  Llandovery 
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beiJa  of  Central  Wttlea  are  quite  as  m e Ian) oqihic- looking  as  muoh 
of  the  "gnarled  seriea"  of  Anglesey.  We  are  presented  in  that 
iBlaiid  with  as  complicated  a  piece  of  geology  as  Great  Britain  can 
show,  and  no  little  fielr]-work  must  be  patiuntly  prosecuted  before 
the  ]>robleios  can  be  solved. 

According  to  uiy  view,  Dr.  Callaway  has  misapprehended  some  of 
tbe  nioxC  important  sections.  In  a  sluirt  [>iiper  printed  in  tbu 
Magazine  last  March,  I  pointed  out  that  the  Nebo  sections  described 
by  biin  us  unconformable  junctions  of  "  Ordovician  shales "  on 
granitoidite  are  really  faaltcMi  junctions  of  shales  against  the  base- 
ment bed  of  the  Cambrian,  This  at  Nebo  is  a  very  oonipact  fine- 
grained ^it,  which  Dr.  Callaway  has  mistaken  for  granitoidite.  At 
Eryngwallen  quarry,  near  Llanerchymedd,  a  precisely  similar  grit 
may  he  t>eeu  passing  down  into  a  quartz  conglomerate  uot  diatin- 
guishuble  from  that  of  Twt  Hill,  and  passing  up  into  a  foissiliferous 
sandstone  containing  Orlhidea,  the  whole  section  included  in  somo 
'60  or  iU  feet.  U.  D.  Hobehtb. 

Cl.AJtB    CULLEOB,  CulBRlDOB,  A'w.  T,    18S1. 

THE  "LOM'EU  EKCI'ER  SANDSTONE"  OR  ■■BASEMEXT  REPS.'' 

SiK,— While  thanking  Mr.  Wilson  for  his  support  of  much  that  I 
have  said  on  these  rocks,  I  must  correct  a  slight  misapprehension 
with  regard  to  ray  views.  I  do  not  hold  the  "  theory  of  a  great 
break  "  at  the  base  of  tbe  Waterstones  attributed  to  me,  but  merely 
point  to  the  recurrence  of  lines  of  erosion  at  this  and  other  horizons 
in  the  Trias  to  show  that  they  are  no  evidence  of  want  of  conform- 
ahility;  on  p,  6  I  use  the  words  "though  there  is  no  unoonform- 
ahility,"  etc. 

I  do,  however,  believe  that  a  great  change  of  physical  conditions 
oommenced  at  this  period,  and  that,  judging  by  its  effect  upon  the 
nature  and  distribution  of  the  deposits,  this  was  the  most  important 
change  that  took  place  in  tbe  British  region  during  the  Triassio  em. 
For  1  consider  the  theory  that  tbe  Bunter  was  upheaved  into  dry  land 
and  denuded,  before  the  Keuper  was  deposited,  far  from  being  proved. 

Mr.  Wilson  states  that  "  At  the  close  of  the  Bunter  period  eleva- 
tion took  place,  in  the  Midlands  certainly,  if  not  generally  through- 
out the  country,  accompanied  by  extensive  and  long-continued 
denudation."  I'he  evidence  for  this  elevation  and  denudation  con- 
sists in  the  faot  that  the  Eeuper  Basement  Beds  rest  on  Pebble  Beds 
near  Nottingham,  but  on  Lower  Mottled  Sandstone  at  four  miles 
distance,  the  inference  being  that  at  least  200  feet  must  have  been 
denuded  away. 

But  it  must  be  home  in  mind  that  the  Bunter  deposits  thin  away 
to  the  south-east,  as  though  deposited  against  a  shelving  shore,  and 
that  Nottingham  stands  on  the  margin  of  the  area  over  which  these 
shingles  were  originally  spread.  The  inference  therefore  that  the 
Pebble  Beds  must  have  beea  denuded  away  in  those  places  where 
tbey  are  absent  below  the  Eeuper  is  unsafe,  lor  they  probably  never 
extended  so  far.    It  is  true  that  the  disappearance  of  the  Pebble 
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Beds  takes  place  somewhat  rapidly,  but  this  is  noticeable  all  along 
their  south-easterly  margin,  and  "conglomerates  and  coarse  con- 
glomeratic sandstones  are  notoriously  local  formations,  suddenly 
swelling  out  into  great  masses,  and  as  rapidly  dwindling  down 
again,  or  disappearing  altogether,"  as  Prof.  Oeikie  remarks  (Old  Hed 
Sandstone  of  Western  Europe).  I  think  also  that  the  irregularity 
of  the  surface  presented  by  Pebble  Beds  to  the  succeeding  forma- 
tions, as  well  as  their  rather  abrupt  disappearance,  may  be  accounted 
for  by  the  peculiarities  of  the  deposit  and  of  the  position  of  the  area 
under  consideration. 

The  local  occurrence  of  the  Keuper  Basement  Beds  at  Nottingham 
is,  I  believe,  attributable  to  the  same  causes,  and  not  to  their  having 
suffered  partial  removal  by  denudation.  As  I  remarked  in  my  paper, 
they  have  approximately  the  same  distribution  as  the  Bunter,.  and  it 
was  not  until  the  commencement  of  the  Waterstone  period,  that  the 
old  limits  of  the  Bunter  deposits  began  to  be  exceeded.  For  this 
reason  and  others  which  I  stated,  I  consider  that  the  base  of  this 
formation,  conformable  as  it  is  to  the  underlying  rocks,  constitutes  a 
most  important  horizon  in  the  Trias.  A.  Stbahan. 

Wrexham,  Jiov,  8M,  1881. 


DR.  CALLAWAY  AND  THE  WEXFOED  LOWEE  PALEOZOIC  ROCKS. 

Sir, — This  writer  in  his  paper  on  these  Wexford  rpcks  (Geol. 
Mag.  November,  1881)  adopts  the  principle  of  the  Archaean  geolo- 
gists, which  I  must  again  protest  against,  which  is  rushing  to  con- 
clusions without  a  proper  previous  examination.  In  Donegal  we 
are  now  told  that  undoubtedly  there  are  Laurentian  rocks,  while 
in  reality  the  question  there  has  not  been  worked  out  since  Jukes 
first  suggested  they  were  Laurentian  rocks ;  and  now  Dr.  Callaway 
states  my  work  is  all  wrong,  without  first  seeing  it.  As  stated  by 
him,  anxious  to  arrive  at  the  truth  I  pointed  out  all  places  where 
anything  was  to  be  seen,  and  specially  the  sections  that  were  most 
important,  and  of  the  latter  I  specially  called  his  attention  to  the 
Grossfamoge  section,  and  those  on  the  Saltee  Island.  To  get  to  the 
latter  there  may  be  a  little  trouble ;  but  in  my  course  through  life 
I  have  always  found  nothing  important  can  be  done  without  some 
trouble.  Under  present  circumstances  I  could  not  answer  Dr. 
Callaway  ;  he  does  not  know  my  work  ;  and  until  he  does,  it  would 
be  unfair  to  expect  he  could  understand  it.  Furthermore,  before 
he  could  understand  Wexford,  where  so  few  rocks  are  exposed,  he 
would  have  to  examine  an  area  where  they  are  better  seen.  There 
could  be  no  better  field  than  Hiar-connaught,  where,  on  account  of 
the  absence  of  Drift,  the  rocks  in  places  can  be  studied  as  if  laid 
down  on  a  map. 

I  am  at  a  loss  to  understand  where  Dr.  Callaway  learned  that 
I  have  changed  my  opinion  as  to  the  age  of  the  rocks  north  of  the 
Carboniferous  trough  south  of  Wexford  town.  Those  rocks  were 
called  Cambrians  by  Jukes,  and  a  short  time  after  I  first  saw  them, 
I  found   Oldhamia  in  them.     That  I  am  aware  of,  I  published  no 
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"  views "  on  the  rocks  until  after  the  examination  of  years,  nnJ 
tlie  views  first  piibliahed  are  those  I  bolievo  in  still.  lu  the  Timti 
report  of  tiie  Brit.  Abhoc.  Meeting,  York,  an  Arcbeean  geol<^st 
cAlie<l  Die  a  gealogical  Islimael.  I  ibink,  however,  if  he  hail  called 
me  a  Knox  or  a  Lutlier  or  a  Calvin,  this  name  would  hove  bi-en 
more  appropriate  ;  ny  hand  not  being  against  every  one  ;  but  only 
against  those  that  promulgate  errors. 

Otoc*,  Nov.  ilA,  1881.  G.  H.  KiNAHiK. 

KATE  OF  DENUD.lTlnS  OP  LAND  BY  Hn-ERS. 

Srn,  —  Mr.  Tylor's  astounding  calculation,  that  (hiring  the 
"Pluvial"  period  "the  mean  denudation"  of  the  land  was  ni'ri« 
iiichfB  per  annum,  or  729  limei  il§  preienl  rate,  has  filled  me  and 
probubly  other  geologists  with  profound  MtooiHhment  Having  just 
porust^J  Mr.  Darwin's  most  excellent  book  on  Mould  and  Earth- 
worms, it  has  occurred  to  me  to  aak  Mr.  Tylor  to  snggest  what 
became  of  earthworms  during  his  "Pluvial"  period.  Mr.  Darwin 
calculates  that  ten  tons  of  earth  per  annum  per  acre  is  frequently 
bvonglil  to  the  surface  in  the  form  of  worm  oasts,  and  tliat  the  aupet- 
ficial  Koil  has  passed  a^ni'ti  and  again  through  the  hodita  of  the  uornu. 
Nine  inches  of  soil  over  an  acre  of  land  would  weigh,  at  a  carter's 
efilimate  of  one  cubic  vard  to  the  ton,  not  Ipsa  llrnti  l:i!0  Ions. 

No  mould  conld  possibly  form  under  these  circumstances,  except 
perhaps  in  deltas,  as  it  would  be  removed  100  times  as  fast  as  made. 
But  I  am  really  understating  Mr.  I^lor's  estimate,  as  his  nine  inches 
of  denudation  means  solid  rock,  or  nearly  double,  or  say  2000  tons 
per  acre  per  annum.  T.  Mbllabd  Readk. 

pAftK   COBNEH,    BlUNDKLISANI)*, 

JVo».  Sth,  1981. 


LAURENTIAN  (?)  ROCKS,  IRELAND. 
Sib, — In  the  epitome  of  the  paper  read  on  these  rocks  at  the  Brit. 
Assoc.  York,  by  Prof.  Hull,  you  end  it  by  stating  that  I  suggest  there 
are  Laurentian  rooks  in  the  Co.  Tyrone.  I  cannot  understand  why 
I  am  to  be  made  an  advocate  in  favour  of  the  present  Laurentian 
mania.  More  especially  as  in  my  paper  read  before  the  Royal  Irish 
Academy,  and  in  a  recent  paper  in  the  Gnoi.  Mao.,  I  believe  I  have 
brought  forward  good  reasons  for  supposing  these  Tyrone  rocks  to 
be  of  Cambrian  age.  Q.  Henbi  Kihaeah. 

Ovoca,  yot.  S.  1881. 


iMii:isCEXii,jA.i>rEO  tjs. 
The  Gboiooical  Survet. — In  the  Gtbolooical  Maqazime   for 

JanuBTj,  1881,  we  draw  attentioii  to  Bome  recent  rarliBmentary  slalemento  eoncern- 
JDg  Ihe  Geological  Sune}'.  Since  tlii'n  Mr.  Hundclla  bwt  anaouDced  that  tbe  solid 
Gtuloi^cal  Suney  of  En^Und  and  Walea  on  the  one-inch  scale  will  be  completed  in 
two  yeuTB  and  a  half,  while  s  connidi^rable  portion  of  tbe  Aolid  and  euperlicial  Surrey 
of  Ireland  will  be  completed  in  seviin,  and  that  of  Scotland  in  eleven  jenrs.  He  was 
informed  that  the  re-aurvey  for  BUpwGcial  ^logj  of  those  areas  of  Eo^^land  which 
were  originally  Burveyed  for  solid  geology  alone,  would  take  about  twrnly  yenrs.  It 
woe  hoped  that  within  the  neit  few  months  tbe  re-organization  of  Ihe  stnS  for 
remaining  surveys  would  be  completed,  and  no  efioria  would  be  spared  to  finish  the 
work  at  as  early  a  dal«  oa  pomible.  — ^tanibn/,  Aog.  IS. 
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